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(54) Polyacetal resin composition and shaped article thereof 



(57) A polyacetal resin composition comprises a 
polyacetal copolymer having a terminal bemrformal 
group of not more than 1 mmol/kg, a terminal formyl 
group of not more than 2 mmol/kg, and a melt index of 
0.1 to 100 g/10 mirs., and a formaldehyde emission in- 
hibitor. The moiar ratio of the terminal rtemiformal group 
relative to the terminal formal group may be about TOO/0 
to 5/95. The polyacetal copolymer may further have an 
. unstable terminal group of not more than 0.5% by 
weight, The formaldehyde emission inhibitor may com- 



prise an aminotriazine compound, a guanidine com- 
pound, a urea compound, a hydrazine compound, an 
amino acid compojnd, an amino alcohol compound, an 
imide compound, or an amide compound. The propor- 
tion of the formaldehyde emission inhibitor Is about 
0.001 to 20 parts by weight relative to 100 parts by 
weigh, o' the polyacetal copolymer. The present inven- 
tion ensures to inhibit formaldehyde emission from a 
shaped article of a. polyacetal resin. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a polyacetal resin composition having excellent processabifity and stability 
and being effectively inhibited from emitting (or generating) formaldehyde, to a process of producing the same, and to 
shaped or molded articles formed from the resin composition. 

BACKGROUND OF THE INVENTION 

10 

[0002] A polyacetal resin is unstable in an oxidative atmosphere at an elevated temperature or in an acidic or alkaline 
environment because of its chemical structure. Therefore, the need that must be fulfilled for a polyacetal resin is that 
of insuring high thermal stability and minimal emission (or generation) of formaldehyde in the course of processing and 
from shaped articles, in the case of having low thermal stability, a polymer of a polyacetal resin is decomposed or 

15 resolved by heating during a processing step such as extruding or.molding, as a result formation or generation of a 
deposit on a moid (moid deposit) occurs, and the moldability, the mechanical property and others are deteriorated. 
Formaldehyde generated from decomposition or resolution of a polyacetal resin is chemically active and ready to be 
oxidized to formic acid to thereby adversely.affect the heat resistance of resin. When the resin is used as electrical or 
electronic parts, formaldehyde generated from the resin causes corrosion of metallic contacts or their discoloration 

20 due to organic deposits, resulting in contact errors. Furthermore, formaldehyde as such contaminates the working 
environment for parts assembiing and the ecology in the field of use of end products, 

[0003] Therefore, in order to stabilize a polyacetal resin, an antioxidant or other stabilizer has been used. As the 
antioxidant added to the polyacetal resin, a phenol-series (phenolic) compound having steric hindrance (hindered 
phenol), an amine compound having steric hindrance (hindered amine), and others have been known. As other stabi- 
25 Nzers, rnelamine, a polyamide, an alkaline metai hydroxide, an alkaline earth metai hydroxide, and others have been 
used. Moreover, antioxidants are generally used in combination with other stabilizers. However, it is difficult to reduce 
the amount of formaldehyde emission (or generation), in particular the amount of formaldehyde emitted (or generated) 
from a shaped article, when such additive(s) and a polyacetal resin having a general formaldehyde quality are used, 
[0004] Further, with the view of resolving the above problems, various polyacetal resin compositions have been 
so disclosed to reduce the amount of formaldehyde emission, For example, the following compositions have been dis- 
closed; (1) a poiyacetai resin composition comprising apoiyacetai resin and a giyoxydiureibe compound [Japanese 
Patent Application Laid-Open No. 182928/1998 (JP-10-182928A)]; (2) a polyacetal resin composition comprising a 
polyacetal resin and acyclic nitrogen-containing compound (glycocyamidine or a derivative thereof, such as creatinine) 
[Japanese Patent Application Laid-Open No. 33551 8/1 999 [JP-11 -33551 BA)J; (3) a polyacetal resin composition com- 
as prising a polyacetal resin, at feast one processing stabilizer selected from the group consisting of a polyalkylene glycol, 
a fatty acid ester, a fatty acid amide and a metal salt of a fatty acid, and at least one inhibitor selected from the group 
consisting of urea or a derivative thereof and an amidine derivative [Japanese Patent Application Laid-Open No. 
26704/2000 (JP-2000-26704A)]; (4) a polyacetal resin composition comprising a polyacetal resin, a core-shell polymer 
having a soft polymer as a core and a hard polymer as a shell, and at least one inhibitor selected from the group 
40 consisting of urea or a derivative thereof and an amidine derivative [Japanese Patent Application Laid-Open No. 
26705/2000 (JP-2000-26705A)]; (5) a polyacetal resin composition in which a polyacetal resin particulate, and an 
inhibitor comprising at least one active hydrogen-containing compound selected from the group consisting of a urea 
compound and an amidine compound coexist [Japanese Patent Application Laid-Open No. 44769/2000 (JP- 
2000-44 769 A)]; (6) a polyacetal resin composition comprising a polyacetal resin, and a carboxyl group-containing 
*5 compound having a pKa of not less than 3.6 [Japanese Patent Application Laid-Open No. 239484/2000 (JP- 
2000-239484A)]; (7) a polyacetal resin composition comprising a polyacetal resin, an ionomer resin, and at least one 
inhibitor selected from the group consisting of urea or a derivative thereof and an amidine derivative [Japanese Patent 
Application Laid-Open No. 239485/2000 (JP-2000-2394B5A)]; (8) a poiyacetal-series resin composition comprising a 
polyacetal-series resin, and a modified phenol resin (a condensed product of a phenol compound, a basic nitrogen- 
so containing compound and an aktehvae compound) [Japanese Patent Application , -id-Open No, 212384/2002 (JP- 
2002-21 2384A)]; (9) apoiyacetai res;n composition comprising a polyacetal resin , a iered phenol-series compound, 
a spiro-compound having a triazine ring, and at least one member selected from the group consisting of a processing 
stabilizer and a heat stabilizer [Japanese Patent Application Laid-Open No. 113289/2003 (JP-2003-113289A)]; and 
others. 

55 [0005] However, even in the case of using these polyacetal resin compositions described in these documents, it is 
difficult to remarkably reduce the amount of formaldehyde emission, in particular the amount of formaldehyde emitted 
(or generated) from a shaped article. 
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SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention to provide a polyacetal resin composition adopted to inhibit 
emission of formaldehyde to an extremely low level, and a process for producing the same, as wet! as an article shaped 
s (or molded) therefrom. 

[0007] It is another object of the present invention to provide a polyacetai resin composition adapted to inhibit emis- 
sion of formaldehyde significantly even under severe conditions and to suppress deposition of decomposition product 
fs) or additive(s) on a mold (mold deposit) and blooming or bleeding of resin decomposition product (s) or additive (s) 
from a shaped article (blooming property), and a process for producing the same, as well as an article shaped (or 
io molded) therefrom. 

[0008] It is a further object of the present invention to provide a polyacetai resin composition adapted to inhibit emis- 
sion of formaldehyde significantly, and, in addition, increased in a property such as weather (light)-resistance or impact 
resistance, and a process for producing the same, as well as an article shaped (or moided) therefrom. 
[0009] The inventors of the present invention made systematic investigation on addition of a formaldehyde emission 
15 inhibitor to polyacetai copolymers having various formaldehyde indexes to achieve the above objects and finally re- 
vealed that a polyacetai resin was significantly inhibited from formaldehyde emission by using a polyacetai copolymer 
having a specific index of formaldehyde emission and a specific formaldehyde emission inhibitor in combination 
[0010] More specifically, in the case of using a polyacetal copolymer having a conventional formaldehyde quality 
and a formaidehyde emission inhibitor, formaldehyde is trapped by a reaction with the formaldehyde emission inhibitor. 

20 However, it is proved that free formaldehyde is present and formaldehyde is detached from the reaction product of 
formaldehyde trapped by the formaldehyde emission inhibitor, generated in a extruding and shaping (or molding) proc- 
ess (that is, the inverse reaction occurs), and as a result, that a shaped article formed from the composition is increased 
in the amount of formaldehyde emission compared with a shaped article formed from a composition containing no 
formaldehyde-trapping agent, far from being reduced in the amount of formaldehyde emission. The inventors of the 

2s present invention made intensive studies to achieve the above objects and finally found that a combination use of a 
polyacetal copolymer having a specific excellent formaldehyde index and aformaidehyde emission inhibitor drastically 
decreases an amount of free formaidehyde remaining in the resin without trapping, reduces contribution of the elimi- 
nation reaction of formaldehydetrapped by the formaldehyde-emission inhibitor, and significantly decreases the amount 
of formaldehyde emitted from the shaped article. The present invention was accomplished based on the above findings. 

so [0011] That is, the. polyacetal resin composition of the present invention comprises a polyacetal copolymer and a 
formaldehyde emission inhibitor. The polyacetal copolymer has a terminal hemiformal group of not more than 1 mmo!/ 
kg, a terminal formyl group of not more than 2 mmol/kg, and a melt index of 0.1 to 100 g/10 min. The molar ratio of the 
terminal hemiformal group relative to the terminal formyl group may be about 1 00/0 to 5/95. Moreover, In the polyacetal 
copolymer, the amount of an unstable terminal group may be not more than 0.5% by weight. The typical polyacetal 

35 copolymer may include a polyacetal copolymer having the terminal hemiformal group of 0.05 to 0,8 mmol/kg, the 
terminal formyl group of 0 to 1.5 mmol/kg, the molar ratio of the terminal hemiformal group relative to the terminal 
formyi group of 100/0 to 10/90, the unstable terminal group of 0.01 to 0.4% by weight, and the melt index of 0,5 to 80 
g/10 min. The preferred polyacetal copolymer may include a polyacetal copolymer having the terminal hemiformal 
group of 0. 05 toO. 6 mmol/kg, the terminal formyl group of Oto 1 .0 mmoi/kg, the molar ratio of the terminal hemiformal 

<so group relative to the terminal formy! group of 90/10 to 15/85, the unstable terminal group of 0.01 to 0.3% by weight, 
and the melt index of 0.5 to 60 g/1 0 min. The more preferred polyacetal copolymer may include a polyacetai copolymer 
having the terminal hemiformal group of 0.05 to 0.5 mmol/kg, the terminal formyi group of 0 to 0.8 mmol/kg, the molar 
ratio of the terminal hemiformal group relative to the terminal formyl group of 85/15 to 15/85, the unstable terminal 
group of 0.01 to 0.25% by weight, and the melt index of 1 .0 to 50 g/10 min. 

45 [0012] The formaidehyde emission inhibitor may comprise at least one compound having an active hydrogen atom 
and selectedfrom the group consisting of a basic nitrogen-containing compound, an active methylene group-containing 
compound, and a polyphenol compound, and in particular may comprise at least one basic nitrogen-containing com- 
. pound selected from the group consisting of an aminotriazine compound (or aminotriazine-series compound), a gtia- 
nidine compound (or guanidine-series compound), a urea compound (or urea-series compound), a hydrazine corn- 
so pound (or hydrazine-series compound), an amino acid compound (or amino acid-series compound), an amino alcohol 
compound (or amino alcohol-series compound), an imide compound (or imide-series compound), and an amide com- 
pound (or amide-series compound). Preferably, the formaldehyde emission inhibitor may comprise at least one basic 
nitrogen-containing compound selected from the group consisting of a guanamine-series compound, a linear urea 
compound, a cyclic urea compound, a carboxylic acid hydrazide-series compound, an a-, JJ-, y-, or 8- amino acid, a 

55 polyamide-series resin, and apoly(meth)acrylic acid amide-series resin (or a poly(meth)acrylamide-series resin). More- 
over, the formaldehyde emission inhibitor may comprise at least one member selected from the group consisting of a 
guanamine-series compound, a linear urea compound, a cyclic urea compound, and a carboxylic acid hydrazide-series 
compound; and at least one member selected from the group consisting of a polyamide-series resin and a poly(meth) 
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acrylic acid amide-series resin. The proportion of the formaldehyde emission inhibitor is about 0.001 to 20 parts by 
weight relative to 100 parts by weight of the polyacetaf copolymer. 

[0013] The polyacetal resin composition of the present invention may further comprise at ieast one stabilizer selected 
from the group consisting of an antioxidant, a processing stabilizer, a heat stabilizer, and a weather-resistant stabilizer. 

s For example, the antioxidant may comprise at least one member selected from the group consisting of a hindered 
phenoS-series compound and a hindered amine-series compound. The processing stabilizer may comprise at least 
one member selected from the group consisting of a long-chain fatty acid or a derivative thereof (e.g., a fatty acid ester, 
and a fatty acid amide), a poiyoxyalkylene glycol, and a siiicone-series compound. The heat stabilizer may comprise 
at ieast one member selected from the group consisting of a phosphine-series compound, an organic carboxyllc acid 

10 or a metal salt thereof, an alkaline or alkaline earth metal compound, a hydrotalcite, and a zeolite, The weather-resistant 
stabilizer may comprise at ieast one member selected from the group consisting of a benzotriazole-series compound, 
a benzophenone-series compound, an aromatic benzoate-series compound, a cyanoaerylate-series compound, an 
oxalic anilide-series compound, a hydroxypnenyl-1 ,3,5-triazine-series compound, and a hindered amine-series com- 
pound. 

15 [0014] Incidentally, the polyacetal copolymer may be acopoiymer which has contained at least one member selected 
from the group consisting of a basic nitrogen -containing compound, a hindered phenol-series compound, a hindered 
amine-series compound, a processing stabilizer, and a heat stabilizer. 

[0015] The representative polyacetal resin composition of the present invention includes a resin composition com- 
prising 

so the poiyacetal copolymer having the terminal herniformal group of not more than 0.8 mmol/kg (preferably not 

more than 0.6 mmoi/kg, and more preferably not more than 0.5 mmoi/kg), the terminal formyl group of not more than 
1 .5 mmol/kg (preferably not more than 1 .0 mmol/kg, and more preferably not more than 0 . 8 mmol/kg), the unstable 
terminal group of not more than 0.4% by weight (preferably not more than 0.3% by weight, and more preferably not 
more than 0.25% by weight) andthe melt index of 0.5 to 80 g/1 0 min. (preferably 1 .0 to 60 g/10 min and more preferably 

25 1.0 to 50 g/10 min.), 

a formaldehyde emission inhibitor, 

a hindered phenol-series compound and/or a hindered amine-series compound, 
a processing stabilizer, and 
a heat stabilizer, and 

30 wherein , relative to 1 00 parts by weight of the polyacetal copolymer, the proportion of the formaldehyde emission 

Inhibitor Is 0. 01 to 10 parts by weight (preferably 0.02 to 5 parts by weight, and more preferably 0.02 to 2 parts by 
weight), the proportion of the hindered phenol-series compound and/or the hindered amine-series compound is 0.005 
to 3 parts by weight (preferably 0.01 to 2 parts by weight), the proportion of the processing stabilizer Is 0.01 to 5 parts 
by weight (preferably 0.03 to 3 parts by weight) and the proportion of the heat stabilizer is 0.001 to 5 parts by weight 

35 (preferably 0.01 to 2 parts by weight). 

[0016] The polyacetal resin composition of the present invention may further comprise at least one member selected 
from the group consisting of an impact resistance improver or a gloss reducing agent (e.g., at ieast one member 
selected from the group consisting of a thermoplastic polyester, a thermoplastic polyurethane, and an acrylic core- 
shell polymer), an agent for improving sliding property (slide improver) (e.g., at least one member selected from the 

40 group consisting of an olefinic poiymer, a siiicone-series resin, and a fluorine-containing resin), a coioring agent, and 
a filler, 

[0017] Incidentally, in the polyacetal resin composition, a pellet of the polyacetal copolymer may coexist with the 

formaldehyde emission inhibitor or a master batch containing the formaldehyde emission inhibitor. 

[0018] The polyacetal resin composition of the present invention may be produced by mixing the polyacetai copol- 

45 ymer with a formaldehyde emission inhibitor. For example, the pofyacetal resin composition may be produced by (i) a 
process which comprises melt-mixing the polyacetal eopoiymer and the formaldehyde emission inhibitor by using an 
extruder having an exhaust port, and in the melt-mixing process, at least one processing auxiliary selected from the 
group consisting of water and an alcohol is added to the mixture and a volatile component is exhausted through the 
exhaust port; (ii) a process, which comprises melt-mixjng the pofyacetal copolymer and the formaldehyde emission 

so inhibitor by using an extruder having an exhaust port, and in melt-mixing step, part or all of the ■ ;tehyde 
emission inhibitor is fed to the middle part of the extruder; ar ;) a process which comprises melt-mix .: rnelt- 
kneading)the poiyacetal copofymerand at least one formaldehyde emission inhibitor selected from the grou? , ., 'isisting 
of a urea compound and a hydrazide-series compound by using an extruder, and wherein the melt-mixing time (or 
melt-kneading time) is not more than 300 seconds. 

ss [0019] The present invention includes a shaped article of a polyacetal resin formed from the poiyacetal resin com- 
position (for example, at least one article selected from the group consisting of an automotive part, an electric or 
electronic device part, an architectural or pipeline part, a household utensil or cosmetic article part, and a medical 
device part). The shaped article of the polyacetal resin of the present invention minimizes formaldehyde emission. For 
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example, {1) She emission of formaldehyde from the shaped article which is maintained in a closed space for 24 hours 
at a temperature of 80°C is not more than 0.1 m (particular 0.005 to 0.09 u.g) per one cm* of the surface area of the 
article, and/or (2) the emission of formaldehyde from the shaped article which is maintained in a closed space for 3 
hours at a temperature of 60°C under a saturated humidity is not more than 0.2 u.g (particularly 0.005 to 0.1 tig) per 
one cm 2 of the surface area of the shaped article. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The resin composition of the present invention comprises a poiyacetai copolymer having a polymer charac- 
teristic represented by a specific index, and a formaldehyde emission inhibitor (hereinafter sometimes simply referred 
to as an inhibitor). 

{Poiyacetai copolymer) 

15 [0021] The poiyacetai copolymerused in thepresent invention hasthefollowingthree indexes in a specific proportion: 
the amount of a terminal hemiformai group, the amount of a terminal formy! group, and the melt index (or melt flow 
rate). Incidentally, in the specification, the term "terminal hemiformai group" means a hydroxymethoxy group 
(-OCH 2 OH) located in an end (or a side chain) of a poiyacetai copolymer, and is identical with the term "terminal 
hemiacetal group", 

[0022] The amount of the terminal hemiformai group is not more than 1 mmol (e.g., about 0.01 to 1 mmoi), preferably 
not more than 0,8 mmol (e.g. , about 0.05 to 0.8 mmol), more preferably not more than 0.6 mmoi (e.g., about 0.05 to 
0.6 mmol) and particularly not more than 0.5 mmol (e.g., about 0.05 to 0.5 mmoi), relative to 1 kg of the poiyacetai 
copolymer. Incidentally, the amount of the terminal hemiformai group may be usually determined by a 1 H-NMR meas- 
urement, and quantitatively determined by using a method described in Japanese Patent Application Laid-Open No 
& 11143/2001 (JP-2001-11143A), or others. ' 

[0023] The amount of the terminal formyl group is not more than 2 mmol (e.g., about 0 to 2 mmol), preferably not 
more than 1.5 mmol (e.g., about 0 to 1.5 mmol), more preferably not more than 1.0 mmol (e.g., aboutOto 1.0 mmol) 
and particularly not more than 0,8 mmoi (e.g., about 0 to 0.8 mmol), relative to 1 kg of the poiyacetai copolymer. 
Incidentally, the amount of the terminal formyl group (HCO-) may be determined as an amount of a terminal formyioxy 
so group (HCOO-) by a 1 H-NM R measurement as in the case of the terminal hemiformai group, and quantitatively deter- 
mined simultaneously with that of the terminal hemiformai group by using a method'described in Japanese Patent 
Application Laid-Open No. 11143/2001 (JP-2001-11143A), or others. 

[0024] The proportion (molar ratio) of the terminal hemiacetal group relative to the terminal formyl group (that Is, the 
proportion of the amount of the terminal hemiacetal group relative to that of the terminal formyl group) [the former/the 
ss latter]* about 1 00/0 to 5/95, preferably about 1 00/0 to 1 0/90, more preferably about 90/1 0 to 1 5/85 and particularly 
about 85/1 5 to 15/85, in many cases. 

[0025] The melt index (melt flow rate) is, for example, about 0.1 to 100 g/10 min., preferably about 0.5 to 80 g/10 

min., and more preferably about 1 .0 to 60 g/10 min. (in particuiar about 1 .0 to 50 g/10 min.). 

[0026] The poiyacetai copolymer may have a value in the specific range in at least the above three indexes, and 

40 may further have a specific amount in the content of an unstable terminal group. The amount of the unstable terminal 
group is not more than 0.5% by weight (e.g., about 0.01 to 0.5% by weight), preferably not more than 0.4% by weight 
(e.g., about 0.01 to 0.4% by weight), more preferably not more than 0.3% by weight (e.g., about 0.01 to 0.3% by weight) 
and particularly not more than 0.25% by weight (e.g., about 0.01 to 0.25% by weight), relative to the total amount 
of the poiyacetai copolymer. Incidentally, the amount of the unstable terminal group is an index regarding polymer 

45 quality, and represented as the percentage (% by weight) relative to a poiyacetai copolymer based on the following 
manner: putting 1 g of the poiyacetai copolymer and 1 00 ml of 50% (by volume) methanol aqueous solution containing 
0.5% (by volume) of ammonium hydroxide in a pressure tight and airtight container, heat-treating the mixture solution 
at 1 80°C for 45 minutes, then cooling and opening the container, and quantitatively determining the amount of formal- 
dehyde dissolved and eluted in the resulting solution. 

so [0027] The poiyacetai copolymer is a copolymer containing an oxymethylene group (-OCH 2 -) as a main constitutional 
unit, and a comonomer unit other than the oxymethylene group. 

[0028] In the copolymer, the comonomer unit includes an oxyalkyfene unit of about 2 to 6 carbon atoms (preferably 
about 2 to 4 carbon atoms);for example, oxyethylene group (-CH 2 CH 2 0-), oxypropyiene group, and oxytetramethyiene 
group. The content of the comonomer unit may be small and may be selected from the range of about 0.01 to 20 mol%, 
55 preferably about 0.03 to 15 mol% (e.g. 0.05 to 10 mol%), and more preferably about 0.1 to 8 mof%, relative to the 
whole units constituting the poiyacetai copolymer. 

[0029] The poiyacetai copolymer may for example be a copofymer containing two components, a copolymer con- 
taining three components (terpolymer) and so on. The poiyacetai copolymer may also be a random copolymer, a block 
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copolymer, a graft copolymer, and others. Moreover, the poiyacetal copolymer may have a linear (or straight) structu re 
or branched structure, and may have a crosslinked structure, in addition, concerning the poiyacetal copolymer, there 
is no particular limitation on the degree of polymerization; the degree of branching, or the degree of crosslin king, only 
provided it can be melt-molded, 

s [00 303 The poiyacetal copolymer may be produced by polymerizing an oxymethylene group-forming monomer, such 
as an aldehyde (e.g., formaldehyde and paraformaldehyde) or a cyclic ether (e.g., trioxane), and a copolymerizable 
component. The copolymerizable component may include a cyclic ether such as ethylene oxide, propylene oxide, 
butylene oxide, styrene oxide, cyclohexene oxide or 1 , 3-dioxoian, and a cyclic formal such as diethylene glycol formal 
or 1 ,4-butanediol formal. Further, as the copolymerizable component, anaikyi- orarylglycidyl ether (e.g., methyfglycidyl 

to ether, ethyiglycidyl ether, phenyiglyciciyl ether, naphthylglycidyl ether), an alkylene or polyoxyalkylene glycol digiycidyi 
ether (e.g., ethylene glycol diglycidyl ether, methylene glycol digiycidyl ether, butanediol digiycidy! ether), an alky!- or 
aryl glycidyl alcohol, a cyclic ester (e.g., p-propio!actone), or a vinyl compound (e.g., styrene, and vinyl ether) maybe 
employed. These copolymerizable components may be used singly or in combination. 

[0031] The process for producing the poiyacetal copolymer of the present invention is not particularly limited to a 
is specific one as far as a poiyacetal copolymer showing at least the amount of the terminal hemiformal group, the amount 
of the terminal formyl group, and the melt index (preferably further the amount of the unstable terminal group) as final 
polymer characteristic indexes can be produced. The poiyacetal copolymer of the present invention is usually produced 
by reducing impurities (e. g. , water, methanol, andformic acid) in a polymerizable component (a monomer constituting 
an oxymethylene group, and a copolymerizable component), particularly, reducing the water content in the polymer- 
ic izable componentto not more than 20ppm and particularly not more than 1 0 ppm, and selecting the production process 
and optimizing the producing condition, or combining these production processes. The production processes are re- 
ferred to, for example, US Patent Nos. 2989509, 31 74948 and 3318848, Japanese Patent Application Laid-Open Nos. 
227916/1984 (JP-59-22791 6A), 1216/1985 (JP-60-1216A), 60121/1985 (JP-60-60121A), 63216/1985 (JP- 
60-6321 SA), 101410/1988 (JP-63-101410A), 170610/1989 (JP-1 -17061 OA), 29427/1990 ( J P-2-29427A), 43212/1 990 
2S (JP-2-43212A), 65412/1 992 (JP-4-6541 2A), 70267/1 995 (J P-7-70267A), 90037/1995 (JP-7-90037A), 73549/1996 (JP- 
8-73549A), 59332/1997 (JP-9-59332A), 241342/1997 (JP-9-241342A), 101756/1998 (JP-1 0-101 756A), 158144/1998 
(JP-10-16B144A), 60663/1999 (JP-11-60663A), 124422/1999 (JP-11 -124422A), 26745/2003 (JP-2003-26745A) and 
26746/2003 (JP-2003-26746A), W095/25761 publication, W095/27747 publication, and W096/1 3534 publication, 
[0032] Moreover, through this specification, the meaning of the term "poiyacetal copolymer" includes "a poiyacetal 
30 copolymer composition" which has contained various additives. That is, a stabilized poiyacetal copolymer which has 
contained various additives mentioned belcw may be used as the poiyacetal copolymer. Ths below-mentioned additives 
Includes, for example, a formaldehyde emission inhibitor (in particular a basic nitrogen-containing compound), an anti- 
oxidant, a processing stabilizer, a heat stabilizer, a weather-resistant stabilizer, and a coloring agent. These additives 
may be contained in the poiyacetal copolymer singly or In combination. Among these additives, the preferred additive 
ss includes the basic nitrogen-containing compound (in particular, e.g., a polyamide-series resin, and a crosslinked poly 
(meth)acrylicacid amide copolymer), the antioxidant (e.g., a hindered phenol-series compound, and a hindered amine- 
series compound), the processing stabilizer [in particular, a long-chain (or higher) fatty acid ester (a C u . 34 long-chain 
fatty acid ester such as ethylene glycol distearate), a long-chain (or higher) fatty acid amide (a C 14 . 34 long-chain fatty 
acid amide such as ethylene bis-stearyl amide), and a polyoxyalkylene glycol], the heat stabilizer [e.g., a salt of an 
organic carboxylic acid with an alkaline or alkaline earth metal]. In particular, the poiyacetal copolymer is preferably a 
copolymer which has contained at least a hindered phenol-series compound and/or a hindered amine-series com- 
pound. Such a stabilized poiyacetal copolymer is usually employed in the form of a particulate or particle (in particular 
a peliet) in many cases. 

[0033] incidentally, in the case where the poiyacetal copolymer is a copolymer which has contained additive(s), the 
4s amount of each additive to be added may be, for example, about 0.0O01 to 1 part by weight, preferably about 0.001 
to 0.8 part by weight, and more preferably about 0.01 to 0,7 part by weight, relative to 100 parts by weight of the 
poiyacetal copolymer. 

[Formaldehyde emission inhibitor] 

so 

[0034] Examples of the formaldehyde emission inhibitor include an active hydrogen-containing compound such as 
a 'basic nitrogen-containing compound, an active methylene group-containing compound, or a polyphenol-series com- 
pound. These formaldehyde emission inhibitors may be used singly or in combination. 

55 (Basic nitrogen-containing compound) 

[0035] The basic nitrogen-containing compound includes, for example, an arninotriazine compound, a guanidine 
compound, a urea compound, a hydrazine compound, an amino acid compound, an amino alcohol compound, an 
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imide compound, and an amide compound. 

[0036] The aminotriazine compound includes, for example, melamine, a condensate of melamme (melam, meiem, 
melon), a melamine resin (a melamine-formaldehyde resin), an N-hydroxyaiylalkylmelamine-series compound [e.g.' 
N,N\N"-mono to hexakisfp-, m- and/or p-hydroxyphenylmethyOmelamine], and a guanamine-series compound. 
s [0037] Examples of the guanamine-series compound include an aMphatic guanamine-series compound [for example, 
a monoguanamine (e.g., valeroguanamine, caproguanamine, heptanoguanamine, capryioguanamine, andstearogua- 
namine), an alkylenebisguanamine (succinoguanamins, giutaroguanamine, adipoguanamine, pimeloguanamine, 
suberoguanamine, azeloguanamine, and sebacoguanamme)], an alicyclic guanamine-series compound [for example! 
a monoguanamine compound (cyclohexanecarboguanamine, norbornenecarboguanamine, cyclohexenecarboguan- 

10 amine, norbomanecarboguanamine, and a compound obtained by introducing a functional group thereto (e.g., a de- 
rivative whose cycioalkane residue has one to three functional group(s) as a substituent, such as an alky! group, a 
hydroxy group, an amino group, an acetoamino group, a nitryi group, a carboxy group, an aikoxycarbony! group, a 
carbamoyl group, an alkoxy group, a phenyl group, a cumyl group or a hydroxyphenyl group)], an aromatic guanamine- 
series compound [for example, a monoguanamine (benzoguanamine and a compound obtained by introducing a func- 

15 tional group thereto (e.g., a benzoguanamine derivative whose phenyl residue has one to five functional group(s) as 
a substituent, such as an afkyl group, a hydroxy group, an amino group, an acetoamino group, a nitryi group, a carboxy 
group, an aikoxycarbonyl group, a carbamoyl group, an alkoxy group, a phenyl group, a cumyl group or a hydroxyphenyl 
group: for example, o-, m- orp-toluguanamine, o-, m- orp-xyioguanamine, o-, m- or p-pnenylbenzoguanamine, o-, m- 
orp-hydroxybenzoguanamine.4-(4 , -hydroxyphenyl)benzoguanamine,o- 1 m-orp-nitrytoenzoguanamine,3,5-dimet'hyl" 

20 4-hydroxybenzoguanamine, and 3,S-di-t-butyl-4-hydroxybenzoguanamine), a- or p-naphthoguanamine and a deriva- 
tive obtained by introducing a functional group thereto, a polyguartamine (e.g., phthaioguanamine, isophthaioguan- 
amine, terephthaloguanamine, naphthalenediguanamine, and biphenyienediguanamine), and an aralkyl- or aralkylene- 
guanamine (e.g., phenylacetoguanamine, p-phenylpropioguanamine, and o-, m- or p-xylylenebisguanamine))], a het- 
ero atom-containing guanamine-series compound [for example, an acetal group-containing guanamine (e.g., 2,4-di- 

25 amino-8-(3,3-dimethoxypropyl-s-thazme), a dioxane ring-containing guanamine {e.g., [2-(4',6'-diamino-s-triazine-2'-yl) 
ethyi]-1 ,3-dioxane, [2-(4',6'-diamino-s-triazine-2'-yl)ethyl]-4-ethyl-4-hydroxymethy!-1 ,3-dioxane}, a tefraoxospiro ring- 
containing guanamine (e.g., CTU-guanamine, and CMTU-guanamine), an isocyanuric ring-containing guanamine (e. 
g., 1 .S.S-trisp-t^.e'-diamino-s-triazine-^-ylJethylJisocyanurate, and 1,3,5-tris[3-(4^e'-diamino-s-triazine-2'-yl)propyl] 
isocyan urate), an imidazoyl ring-containing guanamine (e.g., guanamine compounds described in Japanese Patent 

30 Application Laid-Open Nos. 179671/1994 (JP-6-179S71A), and 10871/1995 (JP-7-10871 A)), an imidazole ring-con- 
taining guanamine (e.g., guanamine compounds described in Japanese Patent Application Laid-Open Nos, 
41120/1972 (JP-47-41120A), 284675/1991 (JP-3-284675A), and 33766/1995 (JP-7-33766A)), and guanamine com- 
pounds described In Japanese Patent Application Laid-Open No. 154181/2000 (J P-20OO- 1 541 8 1 A)) . Moreover, the 
guanamine-series compound also includes, for example, a compound (e.g., the melamine, melamine derivative and 

35 guanamine-series compound) having an amino group substituted by an aikoxymethyi group [e.g., a mono- to hexam- 
ethoxymethylmelamine, a mono- to tetramethoxymethylbenzoguanamine, and a mono to octamethoxymethyl-CTU- 
guan amine]. ■ 

[0038] The guanidine compound inciudes cyanoguanidine, creatinine, and others. 

[0039] Examples of the urea compound include a linear (or chain) urea compound [for example, biurea, biuret, a 
40 condensate of urea with formaldehyde (ureaform), a poiyalkylene urea or aryleneurea (e.g., a polynonamethyieneur- 
ea)], a cyclic urea compound [for example, a hydantoin compound (hydantoin, 5-methylhydantoin, 5-sthylhydantoin, 
5-isopropyfhydantoin, 5-phenyfhydantoin, 5-benzylhydantoin, 5,5-dimethylhydantoin, 5,5-pentamethyienehydantoim 
5-methyl-5-phenylhydantoin,5,5-diphenylhydantom,5-(o-, m-orp-hydroxyphenyl)hydantoin, 5-(o-, m-orp-aminophe- 
nyi)hydantoin, allantoin, 5-methy!ailantoin, a metal salt of allantoin (e.g., an Al salt: allantoin dihydroxyalminum salt), 
45 crotylidene diurea, acetylene urea, a mono- to tetraalkoxy methylglycoluril (e.g., a mono- to tetramethoxy methylgly- 
colurii), (iso)cyanuric acid, uric acid, and urazole], 

[0040] Examples of the hydrazine compound include hydrazine and a hydrazine derivative (e.g., hydrazone, a car- 
boxylic acid hydrazide), and preferably include acarboxylic acid hydrazide-series compound. For example, such a 
compound includes an aliphatic carboxylic acid hydrazide-series compound [for example, a monocarboxylic acid hy- 

50 drazide (e.g. , lauric hydrazide, stearic hydrazide, 1 2-hydroxystearic hydrazide, and 1 ,2,3,4-butanetetracarboxyltc acid 
hydrazide), and a polycarboxylic acid hydrazide (e.g., succinic mono- or dihydrazide, glutaric mono- or dihydrazide, 
adipic mono- or dihydrazide, pimelic mono- or dihydrazide, suberic mono- or dihydrazide, azelaic mono- or dihydrazide! 
sebacic mono- or dihydrazide, mono- or dihydrazide of dodecanoic diacid, mono- or dihydrazide of hexadecanoic 
diacid, mono- or dihydrazide of eicosanoic diacid, and 7,11-octadecadiene-1,18-dicarbohydrazide)] ! an alicyclic car- 

55 boxylicacid hydrazide-series compound [for example, a monocarboxylic acid hydrazide (e.g., a cyclohexanecarboxylic 
acid hydrazide), and a polycarboxylic acid hydrazide (e.g., dimeric mono- or dihydrazide, trimeric mono- to trihydrazlde, 
a 1 ,2-, 1 ,3- or 1 ,4-cyclohexanedicarboxylic acid mono- or dihydrazide, and a cyctohexanetricarboxyiic acid mono- to 
trihydrazide)], an aromatic carboxyiic acid hydrazide-series compound [for example, a monocarboxylic acid hydrazide 
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(e.g., benzoic hydrazide and a compound obtained by introducing a functional group thereto (e.g., a benzoguanamine 
derivative whose phenyl residue has one to five functionai group(s) as a substituent, such as an afkyl group, a hydroxy 
group, an acetoxy group, an amino group, an acetoamino group, a nitryl group, a carboxy group, an alkoxycarbonyl 
group, a carbamoyl group, an aikoxy group, a phenyl group, a benzyl group., a cumyl group, or a hydroxyphenyl group: 
s e.g.,0-, m- orp-methyibenzoichydrazide,2,4-,3,4-,3,5-or2,5-dimemylbenzoichydrazide, o-, m-orp-hydroxybenzoic 
hydrazide, o-, m- or p-acetoxybenzoic hydrazide, 4-hydroxy-3-pfienyfbenzoic hydrazide, 4-acetoxy-3-phenylbenzoic 
hydrazide, 4-phenylbenzoic hydrazide, 4-(4'-phenyi) benzoic hydrazide, 4-hydroxy-3,5-dimethylbenzoic hydrazide, and 
4-hydroxy-3,5-di-t-butyibenzoic hydrazide), a- or j3-naphthoic hydrazide, and a compound obtained by introducing a 
functional group thereto (e.g., 3-hydroxy-2-naphthoic hydrazide, and 6-hydroxy-2-naphthoic hydrazide), and a poly- 

10 carboxylic acid hydrazide (e.g., isophthalicmono-ordihydrazide.terephthaiicrrtono-ordihydrazide, 1 ,4- or2,6-naph- 
thalenedicarboxylic acid mono- ordihydrazide, 3,3'-, 3,4 , -or4,4 , -diphenytdicarboxyiic acid mono- ordihydrazide, diphe- 
nyl ether dicarboxyiic acid mono- or dihydrazide, diphenylmethanedicarboxylic acid mono- or dihydrazide, diphe- 
nylethanedicarboxylic acid mono- or dihydrazide, diphenoxyethanedicarboxylic acid mono- or dihydrazide, dipheny! 
sulfone dicarboxyiic acid mono- or dihydrazide, diphenyl ketone dicarboxyiic acid mono- or dihydrazide, 4,4"-terphe- 

15 nyldicarboxylic acid mono- or dihydrazide, 4,4"'-quarterphenyldicarboxy!ic acid mono- or dihydrazide, 1 ,2,4-benzene- 
tricarboxylic acid mono- to trihydrazide, pyromellitic mono- to tetrahydrazide, and 1 ,4,5,8-naphthoie mono- to tetrahy- 
drazide))], a hetero atom-containing carboxyiic acid hydrazide-series compound [for example, a dioxane ring-contain- 
ing carboxylic acid hydrazide (e.g., mono- or dihydrazide of 5-methylol-S-ethyl-2-(1 , 1 -dirnethyS-2-carboxyethy!)-1 ,3-di- 
oxane), a tetraoxospiro ring-containing carboxyiic acid hydrazide (e.g., mono- or dihydrazide of 3,9-bis(2-carboxyethyI)- 

20 2,4,8, 10-tetraoxaspiro[5.5]undecane, mono- or dihydrazide of 3,9-bis{2-methoxycarbony1ethyl)-2,4, 8,1 0-tetraoxaspiro 
[5.5]undecane, mono- ordihydrazide of 3,9-bis(1 ,1-dimethyl-1-carboxymethyl)-2,4,8,10-tetraoxaspira[5.5]undecane, 
and mono- ordihydrazide of 3, 9-bis(1,1-dimethyl-1-methoxycaroonylrnethyl)-2,4,B,10-tetraoxaspiro[5.5]undecane), an 
isocyanuric ring-containing carboxylic acid hydrazide (e.g., mono- to trihydrazide of 1 ,3,5-tris[2-carboxyethyf]isocya- 
nurate, mono- to trihydrazide of 1 ,3,5-tris(3-carboxypropy!)isocyanurate), and a hydantoin ring-containing carboxyiic 

25 acid hydrazide (e.g., 1 ,3-bis(2-hydrazinocarbonyiethyl)-5-isopropylhydantoin)], a polymeric carboxylic acid hydrazide- 
series compound [for example, a homo- or copolymer of a poly(meth) acrylic hydrazide which may be crosslinked (e. 
g,, an olefinic copolymer, a copolymer with a vinyl monomer, s ccpo ymerwith styrenic monomer, a crosslinked com- 
pound with divinylbenzene, and a crosslinked compound with bis(meth)acrylate): a polymer described in Japanese 
Patent Application Laid-Open Nos. 145529/1980 (JP-55-145529A) and 105905/1981 (JP-56-105905A), a commercial 

30 item "AminopolyacrylamideAPA" manufactured by Otsuka Chemical Co., Ltd., and copolymers described in US Patent 
No. 3574786]. 

[0041] In the amino acid compound, as the amino acid, there may be exemplified an a-amino acid, a p-amino acid, 
a y-amino acid, a 5-amino acid, and the like. Examples of the a-amino acid include a monoamlnomonocarboxyiic acid 
(e.g., glycine, alanine, valine, norvaline, leucine, norleucine, isoleuclne, phenylalanine, tyrosine, diiodotyrosine, surl- 

35 namine, threonine, serine, proline, hydroxyproline, tryptophan, methionine, cystine, cysteine, cltruiiine, a-aminobutyric 
acid, hexahydropicoiinic acid, teanine, o-tyrosine, m-tyrosine, and 3,4-dihydroxypheny lata! sine), a monoaminodicar- 
boxylic acid (e.g., aspartic acid, glutamic acid, asparagine, glutamine, hexahydrodipicoiinic acid, and hexahydroquin- 
olinic acid), a diaminomonocarboxylic acid (e.g., lysine, hydroxyzine, arginine, and histidine), and others. As the p- 
amino acid, y-amino acid, and 5-amino acid, there may be exemplified [J-alanine, p-aminobutyric acid, hexahydroxy- 

40 cinchomeronic acid, y-aminobutyric acid, S-amino-n-valeric acid, and others. These amino acids may be a D-, L-. or 
DL-form, The amino acid also includes an amino acid derivative of which a carboxyl group is subjected to metal sali- 
nation (e.g., an alkali metal salt, an aikafine earth metal salt) , amidation, hydrazidation, or esterification (e.g., methyl 
esterification, ethyl esterification). 

[0042] The amino alcohol compound includes, for example, monoethanolamine, diethanolamine, 2-amino-l-butanol, 
45 2-amino-2-methyl~1-propanol, 2-amino-2-methy!-1 ,3-propanedioi, 2-amino-2-ethy!-1 ,3-propanedioi, tris(hydroxyme- 
thyl)aminomethane, and others, 

[0043] Examples of the imide compound include phthalic acid imide, trirneilitic acid imide, and pyromellitic acid imide. 
[0044]. The amide compound includes, for example, an aliphatic carboxylic acid amide (e.g., malonamide, adipic acid 
amide, sebactc acid amide, and dodecanoic diacic - -ide), a cyclic carboxylic acid amide (e.g., s-caprolactam), an 

so aromatic carboxyiic acid amide (e.g., benzoic acid;. o-, m- orp-aminobenzamide, isophthalic acid diamide, an:; 
terephthalic acid amide), a polyamide-series resin r -;mple, a nylon 3 (a poly-p-alanine), a nyion 46, a nylon 6. ■ 
nylon 66, a nyion 11, a nylon 12, a nylon MXD6, a >-. 6-10, a nylon 6-11 , a nylon 6-12, a nylon 6-66-610, and 
nylon 9T], a polyester amide, a poiyamtde imide, a pr- ..rethane, a poly(meth)acrylic acid amide-series resin [e.g., a 
homo- or copolymer of a poly(meth)acrylic amide which may be crosslinked, such as polymers described in US Patent 

55 No. 5011 890], a homo- or copolymer of a poly(vinyllactam) [for example, a homo- or copolymer of a poly(N-vinylpyr- 
rolidone) (e.g., homo- or copolymers described in Japanese Patent Application Laid-Open No, 52338/1980 (JP- 
55-52336A), and US Patent No, 3204014)], a poly(N-vinylcarboxyiic acid amide), a copolymer of N-vinyicarboxylic acid 
amide and another vinyl monomer (e.g., homo- or copolymers described in Japanese Patent Application Laid-Open 
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Has. 247745/2001 (JP-2001-247745A), 131386/2001 (JP-2001-131386A), 311302/1996 (JP-8-311302A) and 
86S1 4/1984 (JP-59-86614A), US Patent Nos. 5455042, 5407996 and 533B815), and others. 

(Active methylene group-containing compound) 

[0045] Examples of the active methylene group-containing compound include a p-diketone compound [for example 
a p-keto acid [an ester derivative or metal salt of a (cyclo)alkyScarbonylacetic acid, an aryicarbonylacetic acid and an 
araikyicarbonyiacetic acid (e.g., an ester derivative of a poiyhydric aicohol: e.g., an acetoacetic acid ester derivative 
or benzoyiacetic acid ester derivative of a polyvinyl alcohol homo- or copolymer, and an acetoacetic acid group-con- 
taining saturated polyester-series resin described in Japanese Patent Application Laid-Open No. 114041/1999 (jp- 
1M14041A))], an acotylacetone compound (acetylacetone, dimethyl 1,3-acetonedicarboxylate, 1 ,3-acetonedicarbo- 
xyiic acid diamide, a poly(1 ,3-acetonedicarboxylate), cyciohexane-1,3-dione, and dimedonej. and others 
[0046J The polyphenol compound includes, for example, a novolak phenol resin, a phenoi-aralkyf resin a modified 
phenol resin (e.g., a phenoi-melamine resin, and a phenol-aralkyl-melamine resin), a polyvinylphenol homopolymeror 
is copolymer, a tannin, a catechin, and a Iignin. 

[0047] incidentally, theformaidehyde emission inhibitor (e.g., a hydrazine compound, and an amino acid compound) 
may be carried on (or supported with) a layered material, a porous material (e.g.. a hydrotalcite, a montmoriilomfe a 
silica gel, an alumina, atitania, azirconia, asepiolite. a smectite, a palygorskite, an imogolite, a zeolite, and an activated 
carbon), or may form a inclusion or clathrate compound with a host (e.g., <x-, p- , y-, or S-cyctodextrin). 
20 [0048J The formaldehyde emission inhibitors may be used singly or in combination. 

[0049] Among these formaldehyde emission inhibitors, the basic nitrogen-containing compound is preferred In par- 
ticular, the ammotriazine compound (particularly, the guanamine-series compound such as the aromatic guanamine- 
senes compound or the hetero atom-containing guanamine-series compound), the urea compound (particularly the 
linear (or chain) urea compound, and the cyclic urea compound), the hydrazine compound (particularly the carboxylic 
acid hydrazlde-series compound such as the aliphatic carboxylic acid hydrazide-series compound the alicyclic car- 
boxylic acid hydrazide-series compound, the aromatic carboxylic acid hydrazide-series compound the hetero atom- 
containing carboxylic acid hydrazide-series compound or the polymeric carboxylic acid hydrazide-series compound) 
the ammo add compound (e.g., the a-, p- , y or S-amino acid), the amide compound (particularly the amide-series 
resin such as the polyamide-series resin or the poly(meth)acrylic acid amide-series resin) is preferably used 
[0050] Incidentally, these formaldehyde emission inhibitors have individually characteristic formaldehyde-inhibiting 
effects in some cases, For example, the addition of a small amount of any one of the guanamine-series compound 
the linear (or chain) urea compound, the cyclic urea compound and the carboxylic acid hydrazide-series compound 
alone effectively reduces the amount of formaldehyde emitted from a shaped article both under a dry environment (or 
dry atmosphere) and under a humid or wet environment containing water (or wet atmosphere). On the other hand in 
the case of adding a small amounl of the polyamide-series resin alone, the amount of formaldehyde emitted from a 
shaped article is effectively reduced under a humid or wet environment containing water, but less reduced under a dry 
environment. 

[0051] In the present invention, therefore, it is preferred to utilize a combination of a non-amide-series basic nitrogen- 
containing compound (e.g., at least one member selected from the group consisting of the guanamine-series com- 
pound, the linear (or chain) urea compound, the cyclic urea compound, and the carboxylic acid hydrazide-series com- 
pound) with the amide compound (e.g., at least one member selected from the group consisting of the polyamide- 
series resin and the poly(meth)acrylic acid amide-series resin). In the case where the inhibitor is composed of such a 
combination, further reduction of formaldehyde emission occurs due to the concomitant use of the amide compound 
(e.g., the amide-series resin such as the polyamide-series resin or the poly(meth)acryiic acid amide-series resin) and 
45 theformaidehyde emission inhibitor shows the multiplier effect. 

[0052] The proportion of the formaldehyde emission inhibitor is about 0.001 to 20 parts by weight preferably about 
0.01 to 10 parts by weight, more preferably about 0.01 to 5 parts by weight (e.g., about 0.01 to 2 parts by weight) and 
particularly about 0.02 to 5 parts by weight (e.g., about 0.02 to 2 parts by weight), relative to 100 parts by weight of 
the pofyacetal copolymer. 

[0053] Incidentally, in the case of using the non-amide-series basic nitrogen-containing compound and the amide 
compound in combination,, the proportion between the compounds [the former/the latter (weight ratio)] may be about 
99/1 to 1 0/90, preferably about 95/5 to 30/70, and more preferably about 90/10 to 40/60, 

[0054] The poiyaceta! resin composition may further comprise a stabilizer such as an antioxidant a processing sta- 
bilizer, a heat stabilizer or a weather-resistant stabilizer. 
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(Antioxidant) 

[0055] The antioxidant includes, for example, a hindered phenol-series compound, a hindered amine-sefies com- 
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pound, an amine-series antioxidant [e.g., phenylnaphthylamrne, N,N'-diphenyl-1,4-phenylenediamine, and 4,4'-di(o, 
a-dimethylbenzyl)diphenyiamine], a phosphorus-containing antioxidant [e.g., a phosphite-series compound such as 
triphenyl phosphite, a triphenyl phosphate-series compound such as tris(2 ! 4-di-t-butyipfienyl) phosphate, a diphos- 
phonite-series compound, and a metaf salt of hypophosphorous acid], a sulfur-containing antioxidant (e.g., dilaurylth- 
s iodipropionate), a hydroquinone-series antioxidant (e.g., 2,5-di-t-butyIhydraquinone), a quinoline-series antioxidant (e. 
g. : 6~ethQxy~2,2 : 4-trimethyl-1 ,2-dihydroquinoiine), and others. Incidentally, the hindered amine-series compound also 
has a Junction as a weather-resistant stabilizer depending on the kind or species, as mentioned below. Among these 
antioxidants, the hindered phenol-series compound, andthe hindered amine-series compound are preferred. The anti- 
oxidant usually comprises the hindered phenol-series compound in many cases. 

10 

(Hindered phenol-series compound) 



[0056] The hindered phenol-series compound may include a conventional phenol-series antioxidant, for example, a 
monocyclic hindered phenolic compound (e.g., 2,6-di-t-butyi-p-cresoi), a polycyclic hindered phenolic compound in 

15 which rings are connected or bonded to each other through a hydrocarbon group or a group containing a sulfur atom 
[e.g. , a C^^alkylene-bis to tetrakis(t-butylphenol) such as 2,2'-methylene bis(4-methyl-6-t-butylphenol), 4,4'-methyl- 
ene bis(2,6-di-t-butylphenol) or 1 ,1 ,3-tris(2-methyl-4-hydroxy-5-t-buty!phenyl)butane; a C 2 . 10 aSkenylene or dienylene- 
bis to tetrakis(t-butylphenoi) such as 4 : 4'-butyiiderse bis(3-methyl-6-t-butylphenoi); a C 6 „ 20 arylene or aralkyfene-bis to 
tetrakis(t-butylphenol) such as 1 ,3,5-trimethyl-2,4 1J 6-tris(3,5-d:-t-butyl-4-hydroxybenzyl)benzene; and a bis(t-buty!phe- 

20 no!) compound in which t-butylphenol groups are connected or bonded to each other through a group having a sulfur 
atom, for example, 4.4'-thio bis(3-methyl-6-t-butyiphenol}], a hindered phenolic compound having an ester group or 
an amide group [e.g., a t-butyiphenol compound (or derivative) having a C 2 . 10 alkyienecarbonyloxy group, exemplified 
by n-octadecyl-3-(4'-hydroxy-3',5'-di-t-butylphenyl)propionate and n-octadecyl-2-(4'-hydroxy-3',5'-di-t-butylphenyl) 
propionate; a bis to tetrakis(t-butyiphenol) compound in which t-butylphenol groups are connected or bonded to each 

25 other through a polyol ester of a fatty acid, exemplified by 1 ,6-hexanediol-bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propi- 
onate], triethylene glycol-bis[3-(3-t-butyl-5-methyl-4-hydfoxyphenyl)propionate] and pentaerythritol tetrakis[3-(3.5-di- 
t-butyl-4-hydroxyptienyl)propionate]: a bis to tetrakis(t-bulylphenol) having a heterocyclic group and a C 2 . 10 alkylene- 
carbonyloxy group, exemplified by 3,9-bis[2-{3-(3-t-butyl-4-hydroxy-5-methylphenyl)propionyloxy}-1 ,1 -dimethyisthy!]- 
2,4,8,1 0-tetraoxasplro[5.5]undecane; a t-alkylphenol (e.g., t-butylphenol, andt-pentylphenol) compound (or derivative) 

3D having a C 3 . 10 alkenylcarbonyloxy group, exemplified by 2-t-butyl-6-(3'-t-butyl-5 l -methyl-2'-hydroxybenzyl)-4-methyl- 
phenylscrylate and 2-[1-(2-hydroxy-3,5-di-t-pentylphenyl)ethyl]-4,6-di-t-penfyiphsnySaorylate; a hindered phenolic 
compound having a phosphonic ester group, exemplified by di-n-cctadecyl-3,5-dl-t-butyl-4-hydroxybenzyiphospho- 
nate; a hindered phenolic compound having an amide unit, exemplified by N,N'-hexamethylene bis(3,5-di-t-butyl-4-hy- 
droxy-dlhydrocinnamamide) N,N'-ethylene bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionamide], N,N'-tetramethylene 

35 bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionamide].. N,N'-hexamethy!ene bisf3-(3,5-di-t-butyl-4-hydroxyphenyl)propi- 
onamide], N,N'-ethylene bis[3-(3-t-butyl-5-methyl-4-hyaroxyphenyl)propionamide], N.N'-hexamethylene bis[3-(3-t- 
butyl-5-methyl-4-hydroxyphenyl)propionamidel, N ; N'-bis[3~(3,5-di-t-butyl-4-hydroxyphenyi)propiony!Jhydrazine, N,N'- 
bis[3-(3-t-butyS-S-methyl-4-hydroxyphenyl)propionyl]hydrazine, I.S.S-trisfS.S-di-t-butyM-hydroxybenzylJisocyanu^ 
rate, and 1 ,3,5-tris(4-t-butyl-3-hydroxy-2,S-dimethylbenzyl)isocyanurate); and others. Among these compounds, a phe- 
nolic compound having a t-butyl group (particularly, a plurality of t-butyl groups), in particular, a compound having a 
plurality of t-butylphenol sites, is preferred. The hindered phenol-series compounds may be used singly or in combi- 
nation. 

(Hindered amine-series compound) 

45 

[0057] The hindered amine-series compound may include a piperidine derivative having a steric hindrance group, 
for example, an ester group-containing piperidine derivative [for example, an aliphatic acyfoxypiperidine (e.g., a 
C 2 . £0 aliphafic acyloxy-tetramethylpiperidine) such as 4-acetoxy-2,2,6,6-tetramethylpiperidine, 4-stearoyioxy- 
2,2,6,6-tetramethylpiperidine or 4-acryloyloxy-2,2,6,S-tetrsmethy)piperidine; an aromatic acyloxypiperidine (e.g., a 

so Cy.^aromatic acyloxytetramethylpiperidine) such as 4-benzoyloxy-2,2,6,6-tetramethylpiperidine; an aliphatic di- ortri- 
carboxyiic acid-bis- or trispiperidyl ester (e.g., a 02.208^"^ dicarboxylic acid-bispiperidyl ester) such as bis 
(2,2,6,5-tetramethyi-4-piperidy!)oxalate, bis(2,2,6,6,-tetramethy!-4-piperidyl)malonate 1 bis(2,2,6,6-tetramethyl-4-pip- 
eridyl)adipate, bts(1 ,2,2,6,6-pentamethyl-4-piperidyl)adipate : bis(2,2,6,6-tetramethyl"4-piperidyl)sebacate or bis 
(1 ,2,2,6,6-pentamethyl-4-piperidy!)sebacate; an aromatic di- to tetracarboxylic acid-bis- to tetrakispiperidyl ester (e.g., 

55 an aromatic di- or tricarboxyiic acid-bis- ortrispiperidyl ester) such as bis(2,2,6,6-tetramethyl-4-piperidyl)terephthatafe 
or tris(2,2,6,6-tetramethyl-4-piperidy!)berizene-1,3,5-tricarboxylate], an ether group-containing piperidine derivative 
[forexample, a C^^alkoxypiperidine (e.g., a C^galkoxy-tetrarnethylpiperidine) such as 4-methoxy-2,2,6,6-tetrameth- 
yipiperidine; a C 5 . a cycloaikyioxypiperidine such as 4-cyclohexyloxy-2,2,6,6-tetramethylpiperidine; a 
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C^oaryloxypipsnciine such as 4~phenoxy-2,26,6-tetramethyipiperidine; a C^ary!-^ 4 alkyloxy-piperidine such as 
4-benzyloxy-2,2.6 I 6-tet ra methylpiperidine; or an alkylenedioxybispiperidine (e.g., a C^alkylenedioxy-bispiperidine) 
such as 1 ,2-bis(2,2,6,6-tetramethyM-piperidyloxy)ethane], an amide group-containing piperidine derivative [for exam- 
ple, a carbamoyloxypiperidine such as 4-(phenylcarbamoyioxy}-2,2,6,8-tetramsthyipiperidine; an alicylenedioxy-bis 

s piperidine substituted with a carbamoyioxy group, e.g., bis(2,2,6,6-tetramethyl-4-piperidyl)hexamethylene-l 6-dicar- 
bamalej. Moreover, the hindered amine-series compound also inciudes, for example, a polycondensate of piperidine 
derivatives having high molecular weigh! [e.g., a polycondensate of dimethyl succinate and 1-(2-hydroxyethyi)-4-hy- 
droxy-2,2,6,64etramethylpiperidme, and a poly{6-[(1 ,1 ,3,3-tetramethylbutyl)imino-1 ,3,5-triazin-2 4-diyl][2-{2 2 6 6-te- 
tramethyipiperidy!) a mino]hexamethyiene[4-(2,2,6,6-t e tramethylpipendyl)imino]}]. These hindered amine-series com- 

'o pounds may be used singly or in combination. 

(Processing stabilizer) 
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[0058] Examples of the processing stabilizer include a long-chain or higher fatty acid or a derivative thereof a poly- 
oxyalkylene giycol, a silicone compound, a fluorine-containing compound (e. g. , a fluorine-containing oligomer or a 
fluorine-containing resin, such as a polytetrafluoroethylene, a poiychlorotrifluoroethylane, a polyvinylidene fluoride a 
tetrafluoroethylene-hexafiuoropropyfene copolymer, or a tetrafluoroethylene-perfiuoroalkyl vinyl ether copolymer)' a 
wax [e.g., a polyclinic wax (such as a polyethylene wax), an olefin copolymer wax (such as an ethylene copolymer 
wax), and a partially oxidized substance or mixture of such a wax). 

[0059] The preferred processing stabilizer inciudes (a) the long-chain or higher fatty acid or a derivative thereof (b). 
the polyoxyalkylene glycol, and (c) the silicone-series compound. The processing stabilizer usually comprises at least 
one member selected from these compounds in many cases. 

(a) Long-chain or higher fatty acid or derivative thereof 

[0060] The long-chain or higher fatty acid may be a saturated fatty acid or an unsaturated fatty acid. Moreover a 
part of hydrogen atoms in the higher fatty acid may be substituted with a substituent(s) such as hydroxyl group Such 
a higher fatty acid is exemplified by a mono- or di-carboxylic fatty acid having not iess than 10 carbon atoms for 
example, a saturated mono-carboxylic fatty acid having not less than 10 carbon atoms [e.g.. a saturated C 10 -, fatty 
acid (preferabfy a saturated C, 0 . 30 fatty acid) such as capric acid, lauric acid, myristic acid, pentadecyllc acid palmitic 
acid, stearic acid, arachic acid, behenic acid or montanic acid], an unsaturated mono-carboxylic fatty acid having not 
less than 10 carbon atoms [e.g., an unsaturated c 1M+ fatty acid (preferably an unsaturated c 10 30 fatty acid) such as 
oleic acid, llnoleic acid, llnoienic acid, arachidpnic acid or erucic acid], a dl-carboxylic fatty acid having not less than 
10 carbon atoms (a dibasic fatty acid) [e.g., a saturated di-carboxylic C 10 . 30 fatty acid (preferably a saturated di-car- 
boxylic C 10 . 20 fatty acid) such as sebacic acid, dodecanoic acid, tetradecanoic acid or tbapsiaic acid (orthapsic acidY 
and an unsaturated di-carboxylic C 10 . 30 fatty acid (preferably an unsaturated di-carboxylic C 10 20 fatty acid) such as 
decenoic diacid or dodecenoic diacid], and others. These fatty acids may be used singly or in combination. The fatty 
acid also includes one which has one or a plurality of hydroxyl group(s) in the molecular (e.g., a hydroxy-saturated 
' c io-26 fattv acid sucn a s 12-hydroxy stearic acid). 

[0061] The derivative of the higher fatty acid inciudes, for example, a fatty acid ester, a fatty acid amide, and others 
As to the higher fatty acid ester, there is no particular limitation on its structure, and an ester of either a straight or 
branched chain fatty acid can be used. As the higher fatty acid ester, there may be mentioned, for example, an ester 
of the above-mentioned higher fatty acid with an alcohol (e.g., an ester having one or a plurality of ester bond(s), such 
as a monoester, a diester, a triester, ortef raester). There is no particular limitation on a species of the alcohol constituting 
the higher fatty acid ester. The poiyhydric alcohol may include a polyhydric alcohol having about 2 to 8 carbon atoms 
(preferably, about 2 to 8 carbon atoms) or a polymer thereof, for example, a diol exemplified by an alkylene glycol [e 
g„ a C 2 . 3 alkyiene glycol (preferably a C £ . G alkylene giycol) such as ethylene giycol, diethylene glycol or propylene 
glycol]; a trio! exemplified by glycerin, trimethylolpropane, or a derivative thereof; atetrao! exemplified by pentaerythritol 
sorbitan, or a derivative thereof; as well as a homo- or copolymer of the polyhydric alcohol(s) [e.g., a homo- or copolymer 
of an aikylene glycol such as a polyethylene glycol or a polypropylene glycol, a poiyglycerin, and dipentaerythritol a 
pofypentaerythritol]. The average of polymerization degree of the polyalkylene glycol is not less than 2 (e g about 2 
to 500), preferably about 2 to 400 (e.g., about 2 to 300), and the preferred average of polymerization degree is not 
less than 16 (e.g., about 20 to 200). Such a polyalkylene glycol is preferably used on esteriftcation with a fatty acid 
having not less than 1 2 carbon atoms. The preferred polyhydric alcohoi is a polyalkylene glycol having the average of 
polymerization degree of not less than 2. These polyhydric alcohols may be used singly or in combination. 
[0062] Examples of such an ester of a iong-chain or higher fatty acid include a C 14 . 34 long- chain fatty acid ester e 
g., ethylene glycol mono- or dipalmitate, ethylene glycol mono- or distearate, ethylene giycol mono- or dibehenate 
ethylene giycol mono- or dimontanate, glycerin mono- to tripaimftate, glycerin mono- to tristearate. glycerin mono- to 
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fribehenafe, glycerin mono- to trsmontanate, pentaerythritoi mono- to tetrapa Imitate, pentaerythritol mono- to tetrastea- 
rate, pentaerythritol mono- to tetrabehenate, pentaerythritol mono- to tetramontanate, a polyglycerin tristearate, tri- 
methylolpropane monopalmitate, pentaerythritol monoundecyiate, sorbitan monostearate, a monolaurate of a poiy- 
alkylene glycol (such as a polyethylene glycol or a polypropylene glycol), a monopalmitate of the polyalkyiene glycol, 
s a monostearate of the polyalkyiene glycol, a monobehenate of the polyalkyiene glycol, a monomontanate of the poly- 
alkyiene glycol, a dilaurate of the polyalkyiene glycol, a dipalmitate of the polyalkyiene glycol, a distearate of the poly- 
alkyiene glycol, a dibehenate of the polyalkyiene glycol, a dimontanate of the polyalkyiene glycol, a dioleate of the 
polyalkyiene glycol, and a dilinoiate of the polyalkyiene glycol. 

[0063] The fatty acid amide includes, for example, an acid amide (e.g., monoamide and bisamide) of the higher fatty 
10 acid (a mono- or di-carboxylic higher fatty acid) with an amine (such as a monoamine, a diamine or a polyamine). As 
the monoamide, there may be mentioned, for example, a primary acid amide of a saturated fatty acid (such as capric 
acid amide, lauric acid amide, myristic acid amide, palmitic acid amide, stearic acid amide, arachic acid amide, behenic 
acid amide or morrtanic acid amide); a primary acid amide of an unsaturated fatty acid (such as oieic acid amide); and 
a secondary acid amide of a saturated and/or an unsaturated fatty acid with a monoamine (such as stearyl stearic acid 
15 amide or stearyl oleic acid amide). The preferred fatty acid amide is a bisamide. The bisamide includes, for example, 
a bisamide of the fatty acid with a C 1 _ e alkylertediamine (particularly, C^alkylenediamine). The concrete examples of 
the bisamide include a C 14 . 34 higher fatty acid amide, e.g., ethylenediamine-dipalmitic acid amide, ethylenediamine- 
distearic acid amide (ethylene bis-stearyi amide), hexamethylenediamine-disteartc acid amide, ethylenediamine-dibe- 
henic acid, ethylenediamine-dimontanic acid, ethylened amine-dioleic acid amide, and ethylenediamine-dierucic acid 
20 amide. Furthermore, a bisamide in which different species of acyl groups are independently bonded to amine sites of 
an alkylenediamine, such as ethyienediamine-(stearic acid amide) oleic acid amide, may also be used, in the acid 
amide, it is preferred that the fatty acid constituting the acid amide is a saturated fatty acid. 

[0064] These long-chain (or higher) fatty acid amides or derivatives thereof may be used singly or in combination. 

25 (b) Polyoxyalkyiene glycol 

[0065] Exemplified as the polyoxyalkyiene glycol is a homoporymer of an alkylene glycol [e.g., a C 2 . 6 alkylene glycol 
(preferably a C 2 . 4 alkylene glycol) such as ethylene glycol, propylene- glycol or tetramethylene glycol], a copolymer 
thereof, and a derivative of the homopolymer or the copoiymer. Specifically, the polyoxyalkyiene glycol includes a 

30 copolymer, e.g., a poiyC 2 . 6 oxyalkylene glycol (preferably a polyC 2 . 4 oxyalkylene glycol) such as a polyethylene glycol, 
a polypropylene glycol or a polytetramethylene glycol, a polyoxyethylanepolyoxypropyiene copolymer (e.g. , a random 
or block copolymer), a poiyoxyethylenepolyoxypropylene glyceryl ether and a polyoxyethylenepoiyoxypropylene 
monobutyl ether, The preferred polyoxyalkyiene glycol includes a polymer having an oxyethylene unit (e.g., a polyeth- 
ylene glycol, a polyoxyethyiene-polyoxypropylene copolymer, and a derivative thereof), and the like. Moreover, the 

35 number average molecular weight of the polyoxyalkyiene glycol is aoout 3 x i O 2 to 1 x 1 0 s (e.g., about 5 x 10 2 to 5 x 
10 s ), and preferably about 1 x 10 3 to 1 x 10 s (e.g., about 1 x lO^to 5 x 10 4 ). 
[0066] These polyoxyalkyiene glycols may be used singly or in combination. 

(c) Sslicone-series compound 

40 

[00G7] Exemplified as the silicone-series compound is a polyorganosiloxane, Examples of the polyorganosiloxane 
include a homopolymer of a diaikylsiloxane (e.g., dimethylsiloxane), an alkylarylsiloxane (e.g., methyiphenylsiloxane) 
and a diarylsiloxane (e.g., diphenylsiloxane) (for example, a polydimethylsiioxane, and a polymethylphenyisiloxane), 
or a copolymer thereof. The polyorganosiloxane maybe an oligomer. Moreover, as the polyorganosiloxane, there may 
45 be also mentioned a modified polyorganosiloxane having a substituent(s) [such as an epoxy group, a hydroxyl group, 
an alkoxy group, a carboxyl group, an amino group or a substituted amino group (e.g., a dialkylamino group), an ether 
group, a vinyl group or a (meth)acryloyl group] at an end or in the main chain of the molecule (e.g., a modified silicone). 
These siiicone-serses compounds may be used singly or in combination. 

so (Heat stabilizer) 

[0068] The heat stabilizer includes, for example, (a) a phosphine-series compound, (b) an organic carboxylic acid 
or a metal salt thereof, (c) an alkaline or alkaline earth metal compound, (d) a hydrotaicite, and (e) a zeolite. 

55 (a) Phosphine-series compound 

[0069] As the phosphine-series compound, there may be mentioned an alkylphosphine (e.g.,atriC,_ 10 aikylphosphine 
such as triethylpriosphine, tripropylphosphine or tributyipftosphine), a cycloalkylphosphine (e.g., a 
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triC 5 _ 12 cycloalkyipbosphine such as tricyclohexyiphosphine), an arylphosphine (e.g., a triC 6 . 12 ary!phosphme such as 
triphenyiphosphine, p-tolyldiphenylphosphine, di-p-tolylphenylphosphine, tri-m-aminophenyiphosphine,tri-2,4-dimeth~ 
ylphenylphosphine, tri-2,4,6-trimethylphenylpriosphine, tri-o-tolylphosphine, tri-m-to!ylphosphine or trhp-'tolylphos- 
phine), an aralkylphosphine (e.g., a triC e . 52 arylC 1 _ 4 alkytphosphine such as tri-o-anisylphosphine or tri-p-anisylphos- 

s phine), an arylalkenylphosphine (e.g., a diC 6 . 12 aryiC 2 . 10 alkenylphosphine such as diphenyivinylprsosphine or ailytd- 
iphenyiphosphine), an arylaralkylphosphine compound (e.g.,- a diC^ry! (C 6 _ 12 arylC 1 . 4 alkyl)phosphine such as p- 
anisyldiphenylphosphine, and a C 6 . 12 aryldi (C^arylC^alkyOphosphine such as di-p-anisylphenylphosphine), an 
alkylarylaralkyiphosphine (e.g., a C 1 . l0 alkylC s . 12 aryi(C e . 12 arylC 1 ^alkyl)phosphine such as methylpbenyl-p-anisyf- 
phosphine), and a bisphosphine [for example, a bis(diC 6 . 12 asyiphosphino^^^alkane such as 1 ,4-bis(diphertylphos- 

to phino)butane]. These phosphine compounds may be used singly or in combination. 

(b) Organic carboxylic acid or metal salt of organic carboxylic acid 



15 



25 



[0070J The organic carboxylic acid includes, for example, a carboxy! group-containing compound having a pKa of 
not less than 3.6. Such a compound includes an organic carboxylic acid described in Japanese Patent Application 
Laid-Open No. 239484/2000 (JP-2000-239484A), and others. 
[0071 ] The metal salt of the organic carboxylic acid includes, for example, a salt of an organic carboxylic acid with 
a metai (e.g., an alkali metal such as Li, Na orK; an alkaline earth metal such as Mg or Ca; and a transition metal such 
as Zn). 

so [0072] The organic carboxylic acid constituting the metal salt of the organic carboxylic acid may be a compound of 
Sow molecular weight or a compound of high molecular weight. As the organic carboxylic acid, there may be used a 
saturated or unsaturated lower aliphatic carboxylic acid having less than 10 carbon atoms, and a polymer of an un- 
saturated aliphatic carboxylic acid, in addition to a saturated or unsaturated higher aliphatic carboxylic acid exemplified 
in item of the higher fatty acid. Moreover, these aiiphatic carboxylic acids may have a hydroxy! group. The saturated 
lower aliphatic carboxylic acid includes, for example, a saturated C v9 monocarboxylic acid (e.g., acetic acid, propionic 
acid, butyric acid, isobutyric acid, valeric acid, isovaleric acid, pivalic acid, caproic acid, and capryiic acid), a saturated 
C 2 . 9 dicarboxylic acid (e.g., oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, cork acid, 
and azelaic acid), and a hydroxy acid thereof (e.g., glycolb acid, lactic acid, glyceric acid, hydroxybutyric acid, and 
citric acid). 

30 [0073J The unsaturated lower aliphatic carboxylic acid includes, for example, an unsaturated C 3 „ 9 monocarboxy!lc 
acid [e.g., (meth)acryhc acid, crotonic acid, and isocrotonic acid], an unsaturated C^gdicarboxylic acid (e.g., mal'eic 
acid, and fumaric acid), and a hydroxy acid thereof (e.g., propiolic acid). 

[0074] Moreover, exemplified as the polymer of the unsaturated aliphatic carboxyiic acid is a copolymer of a polyrn- 
erizabie unsaturated carboxylic acid [an a,p-ethylene-type (ethylenic) unsaturated carboxylic acid, for example, a po- 
35 lymerizabie unsaturated monocarboxytic acid (such as (meth)acrylic acid), a polyrnerizabie unsaturated polycarboxylic 
acid (such as itaconic acid, maleic acid, or fumaric acid), an anhydride of the polycarboxylic acid, amonoester of the 
polycarboxylic acid (e.g., a monoC^galkylester of the polycarboxylic acid such as monoethyi maieate), and others] 
with an olefin (e.g. , an oc-C 2 _ 10 oiefin such as ethylene or propylene). 

[0075] These organic carboxylic acids or these metal salts of the organic carboxylic acids may be used singly or in 
•*> combination. 

[0076] The preferred organic carboxylic acid includes a copolymer of an olefin and (meth)acryiic acid, a hydroxy acid 
(e.g., glycolic acid, lactic acid, and 12-hydroxystearic acid), and others. 

[0077] The preferred metal salt of the organic carboxylic acid includes a salt of an organic carboxylic acid with an 
alkaline or alkaline earth metal (e.g., magnesium acetate, calcium acetate, lithium citrate, sodium citrate, potassium 
citrate, calcium citrate, lithium stearate, magnesium stearate, calcium stearate, lithium 1 2-hydroxystearate, magnesium 
12-hydroxystearate, and calcium 1 2-hydroxystearate), an ionomer resin (a resin in which at least a part of carboxyl 
groups contained in the copolymer of the polyrnerizabie unsaturated polycarboxylic acid with the olefin is neutralized 
with an ion of a metal such as an alkaline or alkaline earth metal or zinc), and others. The ionomer resin is, for example, 
commercially available as ACLYN (manufactured by Allied Signal Inc.), Himiian (manufactured by Du Pont-Mitsui Poly- 
so chemicals Co., Ltd.), Suriyn (manufactured by Du Pont), and others. 

(c) Alkaline or alkaline earth metai compound . . 



45 
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[0078] The alkaline or alkaline earth metal compound includes an inorganic compound exemplified by a metal oxide 
(such as CaO, or MgO), a meta! hydroxide (such as LiOH, Ca(OH) 2 , or Mg (OH) £ ), and a salt of an inorganic acid with 
a meta! [e.g., a salt of an inorganic acid {such as a salt of carbonic acid with a metal (such as U 2 C0 3 , Na 2 CO s , K 2 C0 3 , 
CaC0 3 or MgC0 3 ), a borate, and a phosphate)]. In particular, the metal oxide and the metal hydroxide are preferred! 
Among the compounds, the alkaline earth metal compound is preferred. 
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[0079} These alkaline or alkaline earth metal compounds may be used singly or in combination, 
(d) Hydrotalcite 

5 [0080] As the hydrotalcite, hydrotaicites recited in Japanese Patent Application Laid-Open No, 1241/1 985 (JP- 
60-1 241 A) and Japanese Patent Application Laid-Open No. 59475/1997 (JP-9-59475A) , such as hydrotalcite com- 
pounds represented by the following formula are usable. 

[0081] in the formula, M 2 + represents Mg2+, Mn2+, Fe 2+ , Co s+ , or any of other divalent metal ions; M3+ represents 
Al 3 +, Fe 3 +, Cr 3 +, or any of other trivalent metal ions: A"- represents C0 3 2 - , OH" , HP0 4 2 ' , S0 4 s " , or any of other n- 
valent anions {particularly, monovalent or divalent anion); x is 0< x <0.5; and m is 0< m <1 . These hydrotaicites may 
15 be used singiy or in combination. 

[0082] Incidentally, the hydrotalcite is available from Kyowa Chemical Industry Co., Ltd. under the trade name "DHT- 
4A" ; "DHT-4A-2", or "Aleamizer". 

(s) Zeolite 

20 

[0083] The zeolite is not particularly limited to a specific one, and for example, a zeolite recited in Japanese Patent 
Application Laid-Open No. 62142/1995 (JP-7-62142A) [zeolites the smallest unit cell of which is a crystalline alumino- 
silicate with an alkaline and/or alkaline earth metal (A-, X-, Y-, L-, and ZSM-type zeolites, mordenite-type zeolite; 
chabazite, mordenite, faujasite, and other natural zeolites)] can be employed. 

25 [0084] These zeolites may be used singly or in combination. 

[0085] The heat stabilizer may be used singly or in combination. In particular, a combination use of thebasic nitrogen- 
containing compound as a formaldehyde stabilizer, and at least one member selected from the group consisting of the 
phosphine compound, the metal salt of the organic carboxylic acid, the alkaline or alkaline earth metai compound, the 
hydrotalcite and the zeolite imparts a high thermal stability to a resin composition even if the amount of the heat stabilizer 

so to be added is extremely small. 

{Weather (light)-resistant stabilizer) 

[0086] Moreover, the polyacetai resin composition of the present invention may further comprise a weather (llght)- 
35 resistant stabilizer. The weather (light)-resistani stabilizer includes (a) a benzotriazoie-series compound, (b) a benzo- 
phenone-series compound, (c) an aromatic benzoate-series compound, (d) a cyanoacrylate-series compound, (e) an 
oxalic anilide-series compound, (f) a hydroxyphenyi-1 ,3,5-triaz ne-series compound, (g) a hindered amine-series com- 
pound, and others. 

[0087] Examples of the benzotriazoie-series compound (a) include a benzotriazole compound having an aryl group 
40 substituted with a hydroxyl group and an alkyl (C-^alkyl) group, such as 2-(2'-hydroxy-5 , -rnetriylphenyl)benzotriazole, 
£-{2 , -hydroxy-3',5 < -di-t-butyiphenyl)ben2otriazole, 2-(2'-hydroxy-3 , ,5 , -di-t-amySphenyl)benzotriazole or 2-(2'-hydroxy- 
3',5'-di-isoamylphenyl)benzotriazole; a benzotriazole compound having an aryl group substituted with a hydroxy! group 
and an aralkyl {or aryl) group, such as 2-[2'-hydroxy-3',5'-bis(a,a-dimethylbenzyl)phenyl]benzotriazole; a benzotriazole 
compound having an aryl group substituted with a hydroxyl group and an alkoxy (C^^alkoxy) group, such as 2-{2'- 
45 hydroxy-4'-octoxyphenyl)benzotriazole; and others. The preferred benzotriazoie-series compound includes a benzot- 
riazole compound having a C 6 . 10 aryl (particularly, phenyl) group substituted with a hydroxyl group and a C 3 . s alkyl 
group, as well as a benzotriazole compound having an aryl group substituted with a hydroxyl group and a 
Ce.Njaryl-C^aikyl (particularly, phenyl-C 1 _ 4 alkyl) group. 

[0088] Exemplified as the benzophenone-series compound (b) is a benzophenone compound having a plurality of 
so hydroxyl groups (e.g., a di- to tetrahydroxybenzophenonesuch as 2,4-dihydroxybenzophenone; a benzophenone com- 
pound having a hydroxyl group, and an aryl or aralkyl group substituted with a hydroxy! group, such as 2-hydroxy- 
4-oxybenzylbenzophenone); a benzophenone compound having a hydroxyl group and an alkoxy (C M6 alkoxy) group 
(e.g., 2-hydroxy-4-methoxybenzophenone, 2-hydroxy-4-octoxybenzophenone, 2-hydroxy-4-dodecyloxybenzophe- 
none, 2.2'-dihydroxy-4-metrioxybenzophenone, 2,2'-dihydroxy-4,4'-dimethoxybenzophenone, and 2-hydroxy-4-meth- 
55 oxy-5-sulfobenzophenone): and others. The preferred benzophenone-series compound includes a benzophenone 
compound having a hydroxyl group, and a C s . 10 aryl (or C^an/I-C^alky!) group substituted with a hydroxyl group, 
particularly one having a hydroxyl group, and a phenyl-C 1 . 2 alkyl group substituted with a hydroxy! group. 
[0089] The aromatic benzoate-series compound (c) includes, for example, an alkylphenylsalicyiate such as p-f-butyl- 
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phenylsalicylate or p-octylpheny {salicylate. 

[0090] Exemplified as the cyanoacrylate-series compound (d) is a cyano group-containing diphenylacryfate such as 
2-ethylhexyl-2-cyano-3,3-diphenylacrylate or ethy!-2-cyano-3,3-diphenylacryiate. 

[0091] The oxalic anilide-series compound (e) includes, for example, an oxalic diamide compound having a phenyl 

5 group on a nitrogen atom in which the phenyl group may have a substituent(s), exemplified by N-(2-ethyfpheny!) 
-N'-(2-ethoxy-5-t-buiylphenyi)oxalic diamide, and N-(2-ethylphenyl)-N'-(2-ethoxy-pheny!)oxafic diamide: 
[0092] Examples of the hydroxyphenyl-1 ,3,5-triazine-series compound (f) include a diCe.^arylfhydroxy-C^ 20 alkox- 
yphenyl)-1 ,3,5-triazine such as 2 l 4-d!phsnyl-6-(2-hydroxyphenyl)-1,3,5-triazine, 2,4-diphenyl-6-(2,4-dihydroxyphe- 
ny!)-1 ,3,5-triazine, 2,4-dtphenyl-6-(2-hydraxy-4-methoxypheny!}-1 ,3,5-triazine, 2,4-diphenyl-6-(2-hydroxy-4-ethoxy- 

10 phenyl)-1 ,3,5-triazine, 2,4-diphenyl-6-(2-hydroxy-4-propoxypheny!)-1 ,3,5-triazine, 2,4-diphenyl-6-(2-hydroxy-4-butox- 
ypheny!)-1 ,3,5-triazine, 2 r 4-diphenyl-6-(2-hydroxy-4-hexyioseyphenyl)-1,3,5-triazine, 2,4-diphenyi-6-(2-hydroxy-4-oc- 
tyioxyphenyl)-1 ,3,5-triazine, 2,4-diphenyi-6-(2-hydroxy-4-dodecyloxypheny!)-1 ,3,5-triazine, 2,4-di-p-ioluyl-6-(2-hy- 
droxy-4-methoxypheny!)-1 ,3,5-triazine, 2,4-di-p-toluyl-6-(2-hydroxy-4-propoxyphenyl)-1 ,3,5-triazine, 2,4-di-p-toluyl- 
6-(2-hydroxy-4-butoxyphenyl)-1 ,3,5-triazine, 2,4-di-p-toiuyl-6-(2-hydroxy-4-haxyloxyphenyl)-1 ,3,5-triazine, 2,4-di-p- 

15 toiuyi-6-(2-hydroxy-4-pentoxyphenyl)-1,3,5-triazine, 2,4-di-p-toluy!-6-(2-hydroxy-4-octyloxypheny!}-1 .3,5-triazine, 
2,4-di(2,4-dimethylphenyl)-6-(2-hydroxy-4-methoxyphenyl)-1 ,3,5-triazine, 2,4-di(2,4-dimethyiphenyl)-6-(2-hydroxy~ 
4-prapoxypheny!)-1 ,3,5-triazine, 2,4-di(2,4-dimethylphenyl)-6-(2-hydroxy-4-bufoxyphenyl)-1 ,3,5-triazine, or 2,4-di 
(2,4~dime?hylphenyl)-6-(2-hydroxy-4-hexyloxyphenyf)-1 ,3,5~tria2ine; a diCe.^aryKhydroxy-C^oarylC^ alkyloxyphe- 
nyl)-1 ,3,5-triazine such as 2,4-diphenyl-6-(2-hydroxy-4-benzyloxyphenyl)-1 ,3,5-triazine, 2.4-di-p-toluyl-6-(2-hydroxy- 

20 4-benzyloxyphenyl)-1 ,3,5-triazine, or 2,4-di(2,4-dimethylpheny!)-5-(2-hydroxy-4-benzyloxyphenyl)-1 ,3,5-triazine; and 
a diCe^sarylfhydroxy-C^^alkoxyethoxy-phenyO-l ,3,5-triazine such as2,4-dipheny!-6-(2-hydroxy-4-(2-butoxyethoxy) 
phenyl)-1 ,3,5-triazine, or2,4-di-p-toiuyl-6-(2-hydroxy-4-(2-hexyloxyethoxy)phenyl)-1 ,3,5-triazine! 

(g) Hindered amine-series compound 

25 

[0093] The hindered amine-series compound includes a compound exemplified in the paragraph of the antioxidant, 
and others. 

[0094] The weather (light)-resistant stabilizers may be used singly, or used in combination of the same or different 
kind of compounds. In the weather-resistant stabilizer, it is preferred to use the hindered amine-series compound (g) 
30 in combination with at least one member selected from other weather (light)-resistant stabilizers (a) to (f) . in particular, 
it is preferredto use the benzotriazole-series compound (a)andthe hindered amine-series compound (f) in combination! 
The proportion of the hindered amine-series compound relative to other weather-resistant stabilizer (in particular the 
benzotriazole-series compound) [the formerAhe latter (weight ratio)] Is, for example, about 0/1 00 to 80/20, preferably 
about J 0/90 to 70/30, and more preferably about 20/80 to 60/40. 

(Proportion of stabilizer) 



[0095] The proportion of the stabilizer may be selected depending on the kind (or species) thereof. For example, the 
proportion of the antioxidant (in particular the hindered phenol-seres compound and/or the hindered amine-series 
40 compound) is about 0,001 to 5 parts by weight, preferably about 0.005 to 3 parts by weight, and more preferably about 
0.01 to 2 parts by weight, relative to 100 parts by weight of the polyacetal copolymer. 

[0096] The proportion of the processing stabilizer is about 0.001 to 10 parts by weight, preferably about 0.01 to 5 
parts by weight (e.g., about 0.03 to 3 parts by weight), and particularly about 0 03 to 2 parts by weight, relative to 100 
parts by weight of the polyacetal resin. 
45 [0097] The proportion of the heat stabiiizer is, for example, about 0.001 to 1 0 parts by weight and preferably about 
0.001 to 5 parts by weight (in particular, about 0.01 to 2 parts by weight), relative to 1 00 parts by weight of the polyacetal 
resin, 

[0098] The content of the weather (light)-resistant stabilizer may for example be about 0 to 5 parts by weight (e g., 
about 0.01 to 5 parts by weight), preferably about 0.1 to 4 parts by weight and more preferably about 0.1 to 2 parts' 

so by weight, relative to 1 00 parts by weight of the polyacetal copolymer. 

[0099] Moreover, the proportion of each stabilizer (the antioxidant, the processing stabilizer, the heat stabiiizer or 
the weather-resistant stabilizer) relative to the formaldehyde emission inhibitorfthe former/the latter (weight ratio)] may 
be about 99/1 to 1/99, preferably about 98/2 to 2/98, and more preferably about 95/5 to 1 0/90, 
[0100] If necessary, the polyacetal resin composition of the present invention may f urther comprise a conventional 

55 additive, for example, an impact resistance improver (or an impact modifier) or a gloss reducing agent (or gioss-reducing 
agent), an agent for improving sliding property (or a slide improver), a coloring agent (or a colorant), a filler, an odor- 
eliminating agent (or a deodorizing agent) (e.g., an odor-eliminating agent of an amine-series compound), a nucleating 
agent (e.g., a talc, and boron nitride), an antistatic agent, a flame retardant, a surfactant, an antibacterial agent, an 
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antifungal agent, an aromatic agent, a foaming agent, a compatibiiizing agent, an agent for improving properties (e.g., 
boric acid or a derivative thereof), a flavoring, and various polymers [for example, an acrylic resin (e.g., a homo- or 
copoiymer of a Chalky! (meth)acryiate such as a poly(methyi methacrylate)), a polycarbonate-series resin, a poly- 
oiefinic resin, a polyvinyl aicohol-series resin, and a polyester-series resin (e.g., a homo- or copolymer of an aliphatic 
s polyester such as a poiy(D-, L- or D/L-lactic acid), a polyglycolic acid, a poly(glycolic acid/tactic acid) copolymer)]. 
Among these additives, the impact resistance improver, the agent for improving sliding property, the coloring agent, 
and the filler are particularly preferred. These additives may be used singly or in combination, 

{Impact resistance improver or gloss reducing agent) 

10 

[0101] Examples of the impact resistance improver orthe gloss reducing agent include an acrylic core-shell polymer 
[e.g., core-shell polymers described in Japanese Patent Application Laid-open No. 26705/2000 (JP-20O0-26705A)], 
a polyurethane-series resin (thermoplastic polyurethane), and a polyester-series resin (thermoplastic polyester). The 
amount of the impact resistance improver may for example be about 0 to 100 parts by weight (e.g., about 1 to 100 
15 parts by weight) , preferably about 2 to 75 parts by weight, and more preferably about 3 to 60 parts by weight, relative 
to 1 00 parts by weight of the poiyacetal copolymer. 

(Agent for improving sliding property) 

20 [0102] The agent for improving sliding property (or slide improver) includes an olefinic resin, a silicone-series resin, 
a fluorine-containing resin, and others. The amount of the slide improver may for example be about 0 to 50 parts by 
weight (e.g., about 0.1 to 50 parts by weight), preferably about 1 to 30 parts by weight, and more preferably about 3 
to 20 parts by weight, relative to 1 00 parts by weight of the poiyacetal copolymer. 

25 (Coloring agent) 

[0103] The coloring agent includes various dyes or pigments. As the dye, a solvent dye Is preferred, and includes, 
for example, an azo-series dye, an anthraquinone-series dye, a phthalocyanine-serles dye or a naphthoqulnone-serles 
dye, The pigment may be an Inorganic pigment or an organic pigment. 

so [0104] Exemplified as the inorganic pigment is a titanium-series (titanium-containing) pigment, a zinc-series (zinc- 
containing) pigment, a carbon black (e.g., a furnace black, a channel black, an acetylene black, and Ketjen black), an 
iron-series (iron-containing) pigment, a molybdenum-series (molybdenum-containing) pigment, a cadmium-series 
(cadmium-containing) pigment, a lead-series (lead-containing) pigment, a cobalt-series (cobalt-containing) pigment, 
and an aluminum-series (aluminum-containing) pigment. 

as [0105] The organic pigment is exemplified by an azo-series pigment, an anthraquinone-series pigment, a phthalo- 
cyanine-series pigment, a quinacridone-series pigment, a peryiene-series pigment, a perinone-series pigment, an iso- 
indoline-series pigment, a dioxazine-series pigment, or a threne-series pigment. 

[0106] The coloring agent may be used singly, or a plurality of thesecoloring agents may used in combination. Among 
others, the use of a coloring agent having a high light-shielding effect [such as a carbon black, a titanium white (a 
40 titan i urn oxide) or a phthalocyanine-series pigment, particu larly a carbon black] ensures im provement in weather (light)- 
resistance of the poiyacetal resin composition. 

[0107] The amount of the coloring agent is, for example, relative to 1 00 parts by weight of the poiyacetal copolymer, 
about 0 to 5 parts by weight (e.g., about 0.01 to 5 parts by weight), preferably about 0. 1 to 4 parts by weight, and more 
preferably about 0.1 to 2 parts by weight. 

45 

(Filler) 

[0108] The resin composition of the present invention may be further blended with one or combination of a conven- 
tional filler (such as a fibrous, piate-like or particulate filler) to improve properties of the shaped article. Examples of 

so the fibrous filler include an inorganic fiber (e.g., a glass fiber, a carbon fiber, a boron fiber, and a potassium titanate 
fiber (whisker)), an organic fiber (e.g., an amide fiber), and others. As the plate-like filler, there may be mentioned a 
glass flake, a mica, a graphite, a variety of metal foil, and others. Examples of the particulate filler include a metal oxide 
(e.g., zinc oxide, and alumina), a sulfate (e.g., calcium sutfate, and magnesium sulfate), a carbonate (e.g., calcium 
carbonate) , a glass (e.g., a milled fiber, a glass bead, and a giass balloon), a silicate (e.g., a talc, a kaolin, a silica, a 

55 diatomite, a clay, and a wollastonite), a sulfide (e.g., molybdenum disulfide, and tungsten disulfide), a carbide (e g., 
graphite fluoride, and silicon carbide), an activated carbon, boron nitride, and others. 

[0109] The amount of the filler is,, for example, about 0 to 100 parts by weight (e.g., about 1 to 100 parts by weight), 
preferably about 3 to 80 parts by weight, and more preferably about 5 to 50 parts by weight, relative to 1 00 parts by 
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weight of the polyacetal resin. 

[01 10] Examples of the typical polyacetal resin composition include resin compositions (1) to (5) having formulations 
as foilows. 

(1 ) a polyacetal resin composition comprising the specific polyacetal copofymer (e.g., a polyacetal copolymer hav- 
ing a terminal hemiformal group of 0.05 to 0.8 mmo!/kg, a terminal formyl group of 0 to 1 .5 mmol/kg, a proportion 
of the terminal hemiformal group relative to the terminal formyl group [the former/the latter (molar ratio)] of 1 00/0 
to 10/90, an unstable terminal group of 0.01 to 0.4% by weight, and a melt index of 0.5 to 80 g/10 min.), and an 
aminotriazine compound (e.g., a guanamine-series compound). 

(2) a polyacetal resin composition comprising the specific polyacetal copolymer (e.g., a polyacetal copolymer hav- 
ing^ terminal hemiformal group of 0.05 to 0.8 mmol/kg, a terminal formyl group of 0 to 1.5 mmol/kg, a proportion 
of the terminal hemiformal group relative to the terminal formyl group Jthe former/the latter (molar ratio)] of 1 00/0 
to 10/90, an unstable terminal group of 0,01 to 0.4% by weight, and a melt index of 0.6 to 80 g/10 min.), and a 
urea compound (e.g., a linear (or chain) or cyclic urea compound). 

The above resin compositions (1) and (2) usually eompnses an antioxidant (in particular a hindered phenol- 
series compound), a processing stabilizer (e.g., a long-chain or higherfalty acid ester, a long-chain or higher fatty 
acid amide, and a polyoxyalkylene glycol), and a heat stabilizer (e.g., a metal salt of an organic carboxylic acid, 
and an alkaline or alkaline earth metal compound) in many cases. Moreover, the above resin compositions (1) and 

(2) may further comprise a weather- resistant stabilizer (e.g., a hindered amine-series compound, or a benzotria- 
zoie-series compound and a hindered amine-series compound). 

(3) a polyacetal resin composition comprising the specific poiyacetal copolymer (e.g., a polyacetal copolymer hav- 
ing a terminai hemiformal group of 0.05 to 0.8 mmol/kg, a terminal formyi group of 0 to 1 .5 mmol/kg, a proportion 
of the terminal hemiformal group relative to the terminal formyl group [the former/the latter (molar ratio)] of 1 00/0 
to 10/90, an unstable terminal group of 0.01 to 0.4% by weight, and a melt index of 0.5 to 80 g/10 min.) and an 
amino acid compound (e.g., an a-amino acid); preferably a polyacetal resin composition comprising an amino acid 
compound alone as the formaldehyde emission inhibitor. 

(4) a polyacetal resin composition comprising the specific poiyacetal copofymer (e.g., polyacetal copolymer having 
a terminal hemiformal group of 0.05 to 0.8 mmol/kg, a terminal formyl group of 0 to 1 ,5 mmol/kg, a proportion of 
the terminal hemiformal group relative to the terminal formyl group [the former/the latter (molar ratio)] of 100/0 to 
1 0/90, an unstable terminal group of 0.01 to 0.4% by weight, and a melt index of 0.5 to 80 g/1 0 min.) and a hydrazine 
compound (e.g., an aliphatic carboxylic acid hydrazide-series compound, an alicyclic carboxylic acid hydrazide- 
series compound, an aromatic carboxylic acid hydrazide-series compound, and a polymeric carboxylic acid hy- 
drazide-series compound); preferably a poiyacetal resin composition comprising a hydrazine compound alone as 
the formaldehyde emission inhibitor. 

{5)ia polyacetal resin composition comprising the specific polyacetal copolymer (e.g., polyacetal copolymer having 
a terminal hemiformal group of 0.05 to 0.8 mmol/kg, a terminal formyl group of 0 to 1.5 mmol/kg, a proportion of 
the terminal hemiformal group relative to the terminal formyl group [the former/the latter (molar ratio)] of 100/0 to 
1 0/90, an unstable terminal group of 0.01 to 0.4% by weight, and a melt index of 0.5 to 80 g/10 min.) and an amide 
compound (in particular a polyamide-series resin). 

[0111] The above resin composition (5) may comprise another basic nitrogen-containing compound (e.g., an ami- 
notriazine compound, a urea compound (such as biurea), and a hydrazine compound) in addition to the amide com- 
pound. Moreover, the resin composition usually further comprises an antioxidant (particularly, a hindered phenol-series 
compound) and a processing stabilizer (e.g., a long-chain fatty acid ester, a long-chain fatty acid amide, and a poly- 
oxyalkyiene glycol) in many cases 

[01 12] Among these resin compositions, the resin composition (2) or (4), in which the urea compound orthe hydrazine 
compound is used as a formaldehyde emission inhibitor, remarkably inhibits the amount of formaldehyde emission 
(amount of formaldehyde emission under dry conditions and humid conditions). For example, as mentioned below, it 
is possible that the amount of the formaldehyde emission from a shaped article in dry (and humid) conditions is reduced 
to a level not more than 0,1 fig per one cm 2 (in the humid conditions, to a level not more than 0.2 \ig per one cm 2 ) by 
adjusting the kind of the poiyacetal copolymer (e.g., a concentration of a terminai group) orthe proportion of an inhibitor, 
and further the combination with other additive (e.g., a hindered phenol-series compound), 

[0113] Incidentally, in these resin compositions (1) to (5), the polyacetal copolymer may be a resin (or composition) 
comprising an additive (e.g., a basic nitrogen-containing compound such as a polyamide-series resin, an antioxidant 
such as a hindered phenol-series compound or a hindered amine-series compound, a processing stabilizer, a heat 
stabilizer, and a weather-resistant stabilizer) beforehand, as mentioned above. 

[01 14] Moreover, the resin compositions (1 ) to (5) may comprise component(s) such as the core-sheli polymer, the 
carboxyl group-containing compound, the ionorner resin, orthe modified phenol resin. However, the resin composition 
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of the present invention can efficiently inhibit emission of formaldehyde without containing the above component(s), 
(Production process of polyacetal resin composition) 

5 [0115] The polyacetal resin composition may be a particulate mixture or a molten mixture, and it may be prepared 
by mixing a polyacetal copolymer with a formaldehyde emission inhibitor (hereinafter, sometimes simply refers to as 
an inhibitor), and if necessary, with other additive(s) [for example, an antioxidant (e.g., a hindered phenol-series com- 
pound, and a hindered amine-series compound), a processing stabilizer, a heat stabilizer, a weather (fight)-resistant 
stabilizer, an impact resistance improver, a siide improver, a coloring agent, and a filler], in a conventional manner, 

10 Incidentally, in the particulate mixture, it is sufficient that the poiyacetal copolymer particulate (in particular pellet) co- 
exists with the inhibitor. The term "coexist" means that the inhibitor is allowed io be present in the neighborhood of the 
polyacetal copolymer particulate (or pellet). The preferred method for allowing the polyacetal copolymer particulate (or 
peilet) to "coexist" with the inhibitor includes a method which comprises allowing a polyacetal copolymer particulate 
(or pellet) to coexist with an inhibitor or a master batch containing an inhibitor, for example, a method which comprises 

15 allowing an inhibitorto attach to a particulate of a polyacetal copolymer (in particular a stabilized polyacetal copolymer), 
and a method which comprises adding (or mixing) a polyacetal copolymer particulate to {or with) a particulate inhibitor 
(e.g., a particulate master batch) to give a particulate mixture. 

[011 S] The concrete preparation method of the polyacetal resin composition (or the shaping or molding method of 
the polyacetal resin composition) includes, for example, (1) a method comprising feeding (or supplying) ail components 

20 through a main feed port (or a main supply port), kneading and extruding the fed components by using an extruder to 
prepare pellets, and molding the pellets; (2) a method comprising feeding component(s) containing no inhibitor (e.g., 
component(s) such as a polyacetal copolymer, a stabilizer or other additive(s)) through a main feed port and feeding 
component(s) containing at least an inhibitor (e.g., components containing a polyacetal copolymer, a stabilizer and/or 
other additive(s) in addition to the inhibitor) from a side feed port, kneading and extruding the fed components by using 

25 an extruder to prepare pellets, and molding the pellets; (3) a method comprising feeding component(s) containing part 
of an inhibitor (e.g., components containing a polyacetal copolymer, a stabilizer, and/or other additive(s) in addition to 
the inhibitor) through a main feed port and feeding component(s) containing the residual component(s) or other kind 
of inhibitor (e.g., components containing a polyacetal copolymer, a stabilizer, and/or other additive(s)) through a side 
feed port, kneading and extruding the fed components by using an extruder to prepare pellets, and molding the pellets; 

30 (4) a method comprising once making pellets (master batch) different in formulation from the aimed article, mixing 
{diluting} the pellets in a certain proportion with other components), and molding the resulting pellets to give a shaped 
article having a predetermined formulation; (5) a method comprising attaching an inhibitorto a polyacetal copolymer 
pellet by spraying or other means, and then molding the resulting matter into a shaped article having a predetermined 
formulation; (6) a method comprising kneading and extruding a polyacetal copolymer (which may comprise a coloring 

35 agent) by using a uniaxial or biaxial extruder to prepare pellets, and adding and mixing {or dredging) an inhibitor par- 
ticulate to (or with) the pellets, and molding the resulting matter; and others. 

[0117J In particular, in the above preparation methods of the polyacetal resin composition, (t), (2) and (3), it is pre- 
ferred to melt-mix (melt-knead) components to prepare the polyacetal resin composition by using an extruder (uniaxial 
or biaxial extruder) having exhaust port(s) (e.g., exhaust vent port(s)) of not less than 1 . Moreover, in the methods (2) 

40 and (3) comprising feeding part or all of the formaldehyde emission inhibitor through the middle part of the extruder 
(that is, side-feeding), it is possible to side-feed the inhibitor through the neighborhood of the exhaust port (e.g., the 
upstream orthe downstream from the exhaust port). Further, in the extruding and preparing step (or melt-mixing step), 
the amount of formaldehyde emitted from the obtained shaped (or molded) article can be further reduced by a prepa- 
ration method comprising adding a processing auxiliary [for example, at least one member selected from the group 

45 consisting of water, and an alcohol (e.g., a C,_ + alcohol such as methanol, ethanol, isopropyi alcohol or n-propyl alco- 
hol)], for example prebiending or infusing the processing auxiliary through a feed port of the upstream of an exhaust 
vent port, and exhausting and removing volatile component(s) containing the processing auxiliary from the exhaust 
port (e.g., exhaust vent port). The amount of water and/or the alcohol to be added as such a processing auxiliary is 
usually about 0 to 20 parts by weight, preferably about 0.01 to 10 parts by weight, and more preferably about 0.1 to 5 

50 parts by weight, relative to 1 00 parts by weight of the poiyacetal copolymer. 

[0118] in particular, in the case of melt-mixing the polyacetal copolymer and the formaldehyde emission inhibitor (in 
particular, at least one formaldehyde emission inhibitor selected from the group consisting of a urea compound and a 
hydrazide-series compound) by using an extruder, since the formaldehyde-trapping rate of the formaldehyde emission 
inhibitor (in particular, a urea compound, or a hydrazide-series compound) is high and, in contrast, the formaidehyde- 

55 trapping amount is limited, the preferably used method is an extruding and preparing method comprising side-feeding 
the formaldehyde emission inhibitor through a sidefeed port of the extruder, and/or an extruding and preparing method 
comprising setting up a melt-kneading or meit-mixing time (residence time of the components) in the extruder as a 
short time (e.g. , not longer than 300 seconds, preferably not longer than 250 seconds, more preferably not longer than 
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200 seconds, and particularly about 10 to 150 seconds). 

[0119] Incidentally, in the preparation of a composition for use in a shaped article, mixing of a powdered (particulate) 
poiyacetai copolymer as a substrate (e.g., a powder (particulate) obtained by grinding a part or all of the poiyacetai 
resin) with other components (e.g., a formaldehyde emission inhibitor, a hindered phenolic compound, a processing 
stabilizer, a heat stabilizer, a weather (light)-resistant stabilizer, an impact resistance improver or a gloss reducing 
agent, a slide improver, a coloring agent and a filler) followed with melt-kneading improves the degree of dispersion 
of the additives and therefore is advantageous. 

[0120] The poiyacetai resin composition of the present invention realizes that the emission of formaldehyde due to 
oxidation or thermal decomposition or the like of the poiyacetai copolymer is remarkably restrained or inhibited and 
that the working environment is improved or ameliorated particularly in the molding and processing {particularly, a melt- 
molding and processing) step. Moreover, deposition of decomposition products or additives on the mold (mold deposit), 
blooming or bleeding of such products or additives from a shaped article can be remarkably restricted or inhibited, and 
various problems on the molding and processing step can be overcome. Therefore, the resin composition of the present 
invention is useful in fabricating a variety of shaped articles by such a conventional molding method as injection molding, 
extrusion molding, compression molding, blow molding, vacuum molding, foam molding, rotation molding, and gas 
injection molding. 

(Shaped article) 

so [01 21 1 The poiyacetai resin article of the present invention formed from the above-mentioned poiyacetai resin com- 
position comprises (contains) a specific poiyacetai copolymer and a formaldehyde emission inhibitor in combination, 
and has excellent stability in an extrusion and/or molding process with having extremely small amount of emission (or 
generation) of formaldehyde. In other words, shaped articles molded from the conventional poiyacetai resins containing 
antioxidants and other stabilizers liberate relatively large amounts of formaldehyde, cause corrosion and discoloration, 

25 and contaminate the living and working environment. For examole, the formaldehyde emission from commercial ordi- 
nary polyacetaf resin articles is about 2 to 5 u.g per one cm 2 of surface area under dry conditions (in a constant- 
temperature dry atmosphere) and about 3 to 6 ug per one cm 2 of surface area under humid conditions (in a constant- 
temperature moisture-laden atmosphere). 

[0122] On theother hand, the poiyacetai resin composition of the present invention effectively reduces in the amount 
30 of formaldehyde emission from a shaped article by adding the formaldehyde emission inhibitor in an amount less than 
in conventional resins. Further, the amount of formaldehyde emission can be inhibited to the level unreached previously 
by adding at least one formaldehyde emission inhibitor selected from the group consisting of the aminotriazine com- 
pound, the urea compound and the hydrazine compound or by using the amide compound In combination with the 
inhibitor(s). 

[0123] & More specifically, in dry conditions, the formaldehyde emission is not more than 1 ,5 u.g per one cm a of surface 
area of the shaped article under dry conditions, preferably not more than 1 .Ou.g {e.g., about 0 to 1 ,0n.g), more preferably 
about not more than 0.6 u.g (e.g., about 0 to 0.6 ug), and usually about 0.001 to 1 .0 u,g. In particular, it is possible to 
achieve the amount of formaldehyde emission, forexample, not more than 0.1 jug, e.g., about 0 to 0.09 u.g, preferably 
about 0.O05 to 0.09 u.g (e.g., about 0.008 to 0.09 jig), and more preferably about 0.005 to O.OB ug, per one cm 2 of 
surface area of the shaped article, by particularly adjusting the kind of poiyacetai copolymer, a combination of a for- 
maldehyde emission inhibitor to be used or other additive(s) (e.g., a hindered phenol-series compound, a processing 
stabilizer, and a heat stabilizer), or a proportion thereof. 

[0124] Moreover, in humid conditions, the formaldehyde emission is not more than 2.5 iig (about 0 to 2 iig) per one 
cm 2 of surface area of the shaped article, preferably not more than 1 .2 u.g (e.g. , about 0 to 1 .2 u.g), more preferably 
not more than 0.4 ,u.g {e.g. , about 0 to 0.4 u.g), particularly about 0 to 0.2 u.g, and usually about 0.001 to 1 .2 u.g. In 
particular, it is possible to achieve the amount of formaldehyde emission, for example, not more than 0.2 u,g, e.g., about 
0 to 0.1 5 tig, preferably about 0.005 to 0.1 ug (e.g.„about 0.01 to 0.1 tig), and more preferably about 0,005 to 0.09 
u.g, per one cm 2 of surface area of the shaped article, by particularly adjusting the kind of the poiyacetai copolymer, a 
combination of a formaldehyde emission inhibitor to be used or other additfve(s) (e.g., a hindered phenol-series corn- 
so pound), or a proportion thereof. 

[0125] The shaped article of the poiyacetai resin accordingtothepresent invention shouldshDwthe above-mentioned 
formaldehyde emission under either dry conditions or humid conditions. In particular, a shaped article showing the 
above formaldehyde emission level under both dry and humid conditions is preferably used as a material which can 
be adopted to more severe environment. 
55 [0126] The formaldehyde emission under dry conditions can be determined as follows. 

[0127] After the shaped article of poiyacetai resin is cut if necessary and its surface area is measured, a suitable 
portion of the article (e.g. the amount equivalent to a surface area of about 10 to 50 cm 2 ) is placed in a vessel (20 ml 
capacity) to seal and stand (or maintained) at a temperature of 80°C for 24 hours. Then, this sealed vessel is charged 
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with 5 mi of wafer and the formaldehyde in the aqueous solution is assayed in accordance with JiS K01G2, 29 (under 
the heading of Formaldehyde) to calculate the formaldehydeomission per unit surface area of the shaped article (u.g/ 
cm 2 }. 

[D128] The formaldehyde emission under humid conditions can be determined as follows. 
[0129] After the shaped article of a polyacetal resin is cut if necessary and its surface area is measured, a suitable 
portion of the shaped article (e.g. the amount equivalent to a surface area of about 1 0 to 100 cm^) is suspended from 
the fid of a sealable vesse! (1 L capacity) containing 50 rni of distilled water. After seal of the vessel, the vessel is 
allowed to stand (or maintained) in a constant temperature oven at 60"C for 3 hours. Thereafter, the vessel is allowed 
to stand at room temperature for 1 hour and the formaldehyde in the aqueous solution within the vessel is assayed in 
accordance with JiS K01 02, 29 (under the heading of Formaldehyde) to calculate the formaldehyde emission per unit 
surface area of the article (u/cm 2 ). 
[0130] The above quantitative limitation on formaldehyde emission in the present invention is valid as for athe poly- 
acetal copolymer having a specific quality and the specific formaldehyde emission inhibitor are contained not only for 
shaped articles available from polyacetal resin compositions comprising the conventional additives (conventional sta- 
15 bilizer, releasing agent, etc.), but also for shaped articles molded from comparable resin compositions containing an 
inorganic filler and/or other polymers, even if only a major part of the surface of the article (for example, 50 to 1 00% 
of the total surface area) is constituted by the polyacetal resin (for example, a multi-colored article or a coated article). 
[0131 ] The shaped article according to the present invention finds application in any field of use where formaldehyde 
is objectionable (for example, knobs and levers for use as bicycle parts) and can aiso be used advantageously as parts 
and members in a variety of fields inclusive of automotive parts, electrical and electronic component (driving component 
and driven component) parts, architectural members and pipeline installation parts, household and cosmetic product 
parts, and medical device (for diagnostic or therapeutic use) parts. 

[01 32] More specif ical ly, the automotive parts i nciude but are not limited to car i nterior parts such as the inner handle, 
fuel trunk opener, seat belt buckle, assist lap, various switches, knob, lever, and clip; electrical system parts such as 
meters and connectors; in-vehicle electrical and electronic parts or mountings related to audio equipment and car 
navigation equipment, parts in contact with metals, typically the window regulator carrier plate, mechanical parts such 
as door lock actuator parts, mirror parts, wiper motor system parts, and fuel system parts. 

[0133] The electrical or electronic component parts (the mechanical parts) includes, for e.xampie, parts or members 
constituted with shaped articles of polyacetal resin articles and fitted with a number of metal contacts [e.g. audio equip- 
30 ments such as the cassette tape recorder, video equipment such as the video tape recorder {VTR), 8 mm or other 
video camera, etc., office automation -■"..) equipment such as copying machines, facsimile, word processor, computer, 
toys actuated by the driving force of an electric motor or a spring, a telephone, a keyboard as an accessory to a 
computer or the like], 

[0134] To be specific, there can be mentioned the chassis, gear, lever, cam, pulley, and bearing. Furthermore, the 
invention is applicable to optical and magnetic recording medium parts at least partly made of molded polyacetal resin 
(e.g. metal thin-film magnetic tape cassette, magnetic disk cartridge, opticomagnetic disc cartridge, etc.) and more 
particularly, the metal tape cassette fc. -vss, digital audio tape cassette, 8 mm video tape cassette, floppy (R) disk 
cartridge, minidisk cartridge, etc. As spectre optical and magnetic medium parts, there can be mentioned tape cassette 
parts (tape cassette body, reel, hub, guide, roller, stopper, lid, etc.) and disk cartridge parts (disk cartridge body (case), 
40 shutter, cramping plate, etc.). 

[0135] In addition, the shaped article of a polyacetaf resin according to the present invention can be used with ad- 
vantage in architectural members and pipeline parts such as lighting equipment parts, interior architectural members 
(such as fittings, fixtures, furnishings), piping, cock, faucet, rest room (lavatory)-related parts, etc., a broad range of 
products related to daily living, cosmetic products, and medical devices, for example fastener (such as slide fastener, 
45 snap fastener, hoop-and-loop fastener rail fastener), stationery, chapstick or lipstick cases, cleansing device, water 
cieaner, spray nozzle, spray device or container, aerosol container, general vessels, syringe holder, and so on. 
[0136] Since the polyacetal resin composition of the present invention comprises (contains) a high quality polyacetal 
copolymer and a formaldehyde emission inhibitor, the polyacetal resin composition achieves extensive improvement 
of thermal stability in a shaping or molding process of the polyacetal copolymer. Moreover, addition of a small amount 
so of the above-mentioned inhibitor enables to suppress or inhibit formaidehyde emission from the polyacetal resin and 
an article thereof, resulting in the emission at an extremely low level, and enables to excellently improve the circum- 
ferential environment (e.g., working environment and using environment). Furthermore, the polyacetal resin composi- 
tion of the present invention can inhibit emission of formaldehyde even under severe conditions to suppress: deposition 
of decomposition products on the mold (mold deposit); blooming or bleeding of such products from a shaped article; 
and thermal aging or deterioration of the article, thus contributing to upgrading of the quality and moldability of the 
shaped article. 

[0137] Furthermore, blending of other additive(s) (e.g., an antioxidant such as a hindered phenol-series compound 
or a hindered amine-series compound, a processing stabilizer, a heat stabilizer, a weather (light)-resistant stabilizer, 
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an impact resistance improver, a slide improver, a coloring agent, and a filler) inhibits the amount of formaldehyde 
emission at an extremely low level, and ensures to obtain a poiyacetal resin composition and a shaped article formed 
, from the composition, which are improved in properties such as weather (light)-resistance, impact resistance and sliding 
property. 

s [0138J The present invention is preferably applicable for any field of use where formaldehyde is objectionable, e.g., 
for automotive parts, electrical and electronic component parts, architectural members and pipeline installation parts! 
household and cosmetic product parts, and medical device (for diagnostic or therapeutic use) parts, 

EXAMPLES 

10 

[0139] The following examples are intended to describe this invention in further detail and should by no means bs 
interpreted as defining the scope of the invention. 

[0140] incidentally, referring to the examples and comparative examples, the amount of emission of formaldehyde 
from the shaped (or molded) articles under dry and humid (wet) conditions was evaluated by the following methods 

15 

[Amount of formaldehyde emission from shaped article in dry conditions] 

[0141] Each resin sample consisting of 10 test pieces (one test piece: 2 mm x 2 mm x 50 mm; total surface area: 
about 40 cm 2 ) was placed in a vessel (capacity 20 mi) to seal and heated in a constant temperature oven at B0°C for 
20 24 hours. After air-cooling to room temperature, 5 ml of distilled water was injected into the vessel using a syringe. 
The formaldehyde content of this aqueous solution was determined in accordance with JiS K0102, 29 (under the 
heading of Formaldehyde) and the formaldehyde gas emission per surface area (u.g/cm 2 ) was calculated. 

(Amount of formaldehyde emission from shaped article in humid conditions] 

25 

[0142] A plate test piece (100 mmx40 mm x 2 mm: total surface area of 85,8 cm 2 ) was suspended from the stopper 
or lid of a polyethylene bottle (capacity 1 L) containing 50 m! of distilled water. The bottle was sealed to stand in a 
constant temperature oven at 60°Cfor 3 hours, followed by standing for 1 hour at room temperature, The formaldehyde 
content of the aqueous solution in the bottle was determined in accordance with JIS K01 02, 29 (under the heading of 
30 Formaldehyde) and the formaldehyde gas emission per surface area of the article (ug/cm 2 ) was calculated, 

Examples 1 to 9, 1 2 to 1 6, 21 , 22, 25, 26, and 28 to 30 

[0143] To 100 parts by weight of a poiyacetal copolymer having a polymer characteristic represented by a specific 
35 index were preblended (or premixed) a formaldehyde emission inhibitor, an antioxidant, a processing stabilizer, a heat 
stabilizer, a coloring agent, a weather (light)-resistant stabilizer and a processing auxiliary (water) in the proportions 
indicated in Tables 1 and 2. Concerning each of thus obtained mixtures, the mixture was supplied through amain feed 
port of a biaxial extruder (30 mm diameter) having one vent port, and melt-mixed (extrusion condition : L/D=35, extrusion 
temperature: 200°C, screw rotation frequency: 100 rpm, vent vacuum: 70 cmHg, discharging rate: 15 kg/hr, and resi- 
40 dence time: 1 00 seconds) to prepare a pelletized composition. 

Examples 10, 11, 19, 20, 27, 31, and 32 

[0144] With 95 parts by weight of a poiyacetal copolymer having a polymer characteristic represented by a specific 
45 index were mixed an antioxidant, a processing stabilizer, a heat stabilizer, a weather (light)-resistant stabilizer and a 
coloring agent in the proportions indicated in Tables 1 and 2 to prepare preblended materials. Concerning each of thus 
obtained preblended materials, the material was supplied through a main feed port of a biaxial extruder (30 mm diam- 
eter) having one vent port, and melt-mixed (extrusion condition: L/D=35, extrusion temperature: 200°C, screw rotation 
frequency: 100 rpm, vent vacuum: 70 cmHg, discharging rate: 15 kg/hr, and residence time: 100 seconds) and addi- 
so tionally a blended material containing 5 parts by weight of a poiyacetal copolymer particulate having a poiymer char- 
acteristic represented by a specific index and a formaldehyde emission inhibitor was side-fed through a side-feed port 
in the downstream of the vent port in the extruder to prepare a pelletized composition, 

[0145] From thus obtained pellets, prescribed test pieces were fabricated with an injection molding machine, and 
the amount of formaldehyde emission from each of the prescribed test pieces was measured. The results are shown 
55 in Tables 1 to 3. 
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Examples 23 and 24 

[0146] One hundred (1 00) parts by weight of a polyacetal copolymer peflet having a polymer characteristic repre- 
sented by a specific index and a formafdehyde emission inhibitor were put in a polyethylene bag in the proportions 
5 indicated in Table 2 and blended to prepare mixed pellet compositions. From the pellet compositions, the prescribed 
test pieces were fabricated with an injection molding machine, and the amount of formaldehyde emission from each 
of the prescribed test pieces was measured. The results are shown in Table 3, 

Example 33 

10 

[0147] The peiiet of the polyacetal resin composition obtained in Example 8 was supplied through a main feed port 
of a biaxial extruder (30 mm diameter) having one vent port, and meit-mixed (extrusion condition: L/D=35, extrusion 
temperature: 200"C, screw rotation frequency: 1 00 rpm, vent vacuum: 70 cmHg, and discharging rate: 1 5 kg/hr). This 
procedure was performed twice to give a pelietized composition (total residence time: 300 seconds). 
15 [0148] From the pellet, a prescribed test piece was fabricated with an injection moiding machine,, and the amount of 
formaldehyde emission from the prescribed test piece was measured. The amount of formaldehyde emission was 0.23 
u.g/cm2 in the dry condition and 0.50 u.g/cm 2 in the humid condition. 

Example 34 

20 . ■ 

[0149] The extrusion treatment was conducted in the same manner as in Example 33 except for using the pellet of 
the polyacetal resin composition obtained in Example 1 3 instead of the pellet of the polyacetal resin composition ob- 
tained in Example 3 to give a pelietized composition melt-kneaded for a prolonged period (total residence time: 300 
seconds). From the pellet, a prescribed test piece was fabricated with an injection molding machine, and the amount 

25 of formaldehyde emission from the prescribed test piece was measured. The amount of formaldehyde emission was 
0.55 u,g/cm 2 in the dry conditions and 0.85 ug/cm 2 in the humid conditions. 

Comparative Examples 1 to 8 

30 [0150] For comparison, thefollowing samples were evaluated asdescribed above: samples prepared without addition 
of formaldehyde emission inhibitors, and samples prepared with or without addition of a formaldehyde emission inhibitor 
to a polyacetal copolymer different in index of polymer characteristic from the above examples, The results are shown 
in Table 4. 

[0151] The polyacetal copolymers, the formaldehyde emission inhibitors, the hindered phenol-series compounds, 
35 the hindered amine-series compounds, the processing stabilizers, the heat stabilizers, the coloring agents and weather 
(light)-resistant stabilizers used in the Examples and Comparative Examples are as foilows. 

1 , Polyacetal copolymer "a" 

40 (a-1 ): Polyacetal copolymer [a polyacetal copolymer having a terminal hemiformai group of 0.35 mmol/kg, a 

terminal formyl group of 0.1 mmol/kg, an unstable terminal group of 0.12% by weight and a melt index of 9 g/ 
10min.] 

(a-2): Polyacetal copolymer [a polyacetal copolymer containing 0.03% by weight of triethylene glycol bis[3-(3-t- 
butyl-5-methyl-4-hydroxyphenyl)propionate], and having a terminal hemiformai group of 0.35 mmoi/kg, a ter- 
45 minal formyl group of 0. 7 mmol/kg, an unstable terminal group of 0.23% by weight and a melt index of 9 g/ 

10min.j 

(a-3): Polyacetai copolymer [a polyacetal copolymer containing 0.05% by weight of pentaerythritol tetrakis 
[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate], and having a terminal hemiformai group of 0.40 mmoi/kg, a 
terminal formyl group of 1 .0 mmol/kg, an unstable terminal group of 0.20% by weight and a melt index of 9 g/ 
so 10min.j 

(a-4): Polyacetal copolymer [a polyacetal copolymer containing 0.2% by weight of bis(1 ,2,2,6, B-pentamethyl- 
4-piperidyl)sebacate, and having a terminal hemiformai group of 0.52 mmol/kg, a terminal formyl group of 1 ,3 
mmol/kg, an unstable terminal group of 0.24% by weight and a melt index of 9 g/1 0 min.] 
(a-5): Polyacetal copolymer [a polyacetal copolymer containing 0.3% by weight of triethylene glycol bis[3-(3-t- 
55 butyl-5-methyl-4-hydroxyphenyl)propionate], 0.05% by weight of a nylon 66 resin having a mean particle size 

of 3 urn, 0.05% by weight of calcium stearate and 0.05% by weight of ethylene glycol distearate, and having 
a terminal hemiformai group of 0.53 mmol/kg, a terminal formy! group of 0.4 mmol/kg, an unstable terminal 
group of 0.15% by weight and a melt index of 9 g/1 0 min.] 
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(a-6): Polyaceta! copolymer [a polyacetal copolymer containing 0.3% by weight of Methylene glycol bis[3-(3-t- 
butyl-5-methyi-4-hydroxyphenyl)propionale], 0.05% by weight of nylon 6-66-610 resin (manufactured by Du 
Pont, "Elvamide 8063R"}, 0.1 0% by weight of calcium citrate and 0.20% by weight of ethylene distearyl amide, 
and having a terminal hemiforma! group of 0.29 mmoi/kg, a terminal formyi group of 0.4 mmo!/kg. an unstable 
terminal group of 0.15% by weight and a melt index of 9 g/10 min.j 

(a-7): Polyacetal copolymer [a polyacetal copolymer containing 0.05% by weight of pentaerythritol tetrakis 
[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate], and having a terminal hemiforma! group of 0.82 mmol/kg, a 
terminal formyi group of 2.4 mmol/kg, an unstable terminal group of 0.52% by weight and a melt index of 9 at 
10 min,] 

Incidentally, an amount of a terminal hemiforrral group and that of a terminal formyi group in a polyacetal 
copolymer were shown as values (mmol/kg) determined in accordance with a manner described in Japanese 
Patent Application Laid-Open No. 11143/2001 (JP-2001-11143A) using an AVANCE4G0-type FT-NMP, apparatus 
(manufactured by Bruker). 

15 Moreover, the melt index was shown as a value (g/ 1 0 min.) determined under conditions of 1 90°C and 21 69g, 

based on ASTM-D1 238. 
2. Formaldehyde emission inhibitor "b" 

(b-1): Benzoguanamine 
20 (b-2): CTU-guanamine [manufactured by Ajinomoto Fine-Techno Co., Inc.] 

(b-3): Phthaloguanamine 

(b-4): 2,4-Diamino-6-(2 , -undecylimidazolyl-1')-ethyl-s-triazine [manufactured by Shikoku Chemicals Corp 
"CUREZOL C11Z-A"] 
(b-5): Biurea 
25 (b-6): L-Histidine 

(b-7): Allantoin 
(b-8): Stearic hydrazide 

(b-9): 1 ,4-Cyclohexanedicarboxylic acid dihydrazide 
(b-1 0): Dodecanoic diacid dihydrazide 
30 (b-11): 2,6-Naphthalenedicarboxylic acid dihydrazide 

(b-1 2): Poiyacrylic hydrazide [manufactured by Otsuka Chemical Co., Ltd., APA] 
(b-1 3): Nylon 6-66-610 [manufactured by Du Pont, "Elvamide 8063R"] 

(b-1 4): Hydrotalclte supporting 10% by weight of sebacic dihydrazide [hydrotalcite (manufactured Kyowa 
Chemical Industry Co., Ltd., "DMT-4A")] 
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3, Hindered phenol-series compound "c" 



(c-1 ): Triethylene glycol bis[3-(3-t-butyl-5-methyl-4-hydroxyphenyl)propionate] 
(c-2): Pentaerythritol tetrakis[3-(3,5-di-t-butyi-4-hydroxyphenyl)propionatej 
■to (c-3): 2,2'-Methylenebis(4-methyi-6-t-butylpheno!) 

4. Processing stabilizer "d" 

(d-1): Ethytene bls-stearyl amide 
45 (d-2): Montanate [manufactured by Toyo-Petrolite Co., Ltd., °LU2A WAX-EP"] 

(d-3): Polyethylene oxide [number average molecular weight: 35000] 

5. Heat stabilizer (organic carboxylic acid, metal salt of organic carboxylic acid, alkaline earth metal salt) "e" 

so (e-1): Calcium 1 2-hydroxystearate 

(e-2): Magnesium stearate 
(e-3): Magnesium oxide 
(e-4): Calcium citrate 

(e-5): lonomer [manufactured by Du Pont-Mrtsui Poiychemicals Co., Ltd., "Himilan 1702"] 
(e-6): Ethyiene-methacryiic acid copolymer [manufactured by Du Pont-Mitsui Poiychemicals Co Ltd 
"NUCREL N0908C"] 

6. Coloring agent T 
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(f-1): Carbon black (acetylene black) 
(f-2): Titanium oxide 

7. Weather (light)-resistam stabilizer "g" 

(g-1): 2-[2'-Hydroxy-3',5'-bis(a ; o;-dimethylbenzyl)pheny(]benzotriazole 
(g-2): Bis(2.2,6,6-tetramethyl-4-piperidyl)sebacate 

8. Processing auxiliary "h" 

(h-1): Distilled water 
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[0152] It is apparent from Tables that as compared with the amount of formaldehyde emission from the resin com- 
positions of Comparative Examples, that from the resin compositions according to Examples is considerably decreased 
or reduced, and the circumferential environment can be drastically improved. Moreover, in the esse of using the urea 
compound or the hydrazide-series compound, the shorterthe residence time in the extruder is, the smaller the amount 
of formaldehyde emission is. 



so Claims 

1 . A polyacetal resin composition comprising a polyacetal z ymer and a formaldehyde emission inhibitor, wherein 
the polyacetal copolymer has a terminal hemiforma! grout :>r not more than 1 mmol/kg, a terminal formyi group of 
not more than 2 mmol/kg, and a melt index of 0.1 to 100 g/10 min. 

55 

2. A polyacetal resin composition according to claim 1, wherein the molar ratio of the terminal hemiformal group 
relative to the terminal formyt group is 1 00/0 to 5/95. 
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3. A polyacetal resin composition according to claim 1, wherein the poiyacetai copolymer further has an unstable 
terminal group of not more than 0.5% by weight. 

4. Apolyaceta! resin composition according to claim 1, wherein the polyacetaf copolymer has the terminal hemiformal 
group of 0. 05 to 0. 8 mrnol/kg, the terminal formyl group of 0 to 1.5 mmol/kg, the molar ratio of the terminal 
hemifarrriai group relative to the terminal formyl group of 100/0 to 10/90, an unstable terminal group of 0.01 to 
0.4% by weight, anrj Ehe melt index of 0.5 to 80 g/10 min. 

5. A polyacetal resin composition according to claim 1, wherein the formaldehyde emission inhibitor comprises at 
least one compound having an active hydrogen atom and selected from the group consisting of a basic nitrogen- 
containing compound, an active methylene group-containing compound, and a polyphenol compound. 

6. A polyacetal resin composition according to claim 1 , wherein the formaldehyde emission inhibitor comprises at 
least one basic nitrogen-containing compound selected from the group consisting of an aminotriaztne compound, 

15 a guanidine compound, a urea compound, a hydrazine compound, an amino acid compound, an amino alcohol 

compound, an imide compound, and an amide compound. 

7. A poiyacetai resin composition according to claim 1 , wherein the formaldehyde emission inhibitor comprises at 
least one basic nitrogen-containing compound selected from the group consisting of a guanamine-series com- 
pound, a linear urea compound, a cyclic urea compound, a carboxyiic acid hydrazide-series compound, an a-, |3-, 
7-, or 5- amino acid, a polyamide-series resin, and a poly(meth)acryfic acid amide-series resin. 



20 



8. A polyacetal resin composition according to claim 1 , wherein the formaldehyde emission inhibitor comprises 
at least one member selected from the group consisting of a guanamine-series compound, a linear urea 

compound, a cyclic urea compound, and a carboxyiic acid hydrazide-series compound, and 

at least one member selected from the group consisting of a polyamide-series resin and a poly(meth)acryllc 
acid amide-series resin. 

9. A polyacetal resin composition according to claim 1 , wherein the proportion of the formaldehyde emission inhibitor 
is 0.001 to 20 parts by weight relative to 1 00 parts by weight of the poiyacetai copolymer. 

10. A polyacetal resin composition according to claim 1 , which further comprises at least one stabilizer selected from 
the group consisting of an antioxidant, a processing stabilizer, a heat stabilizer, and a weather-resistant stabilizer. 

11. A polyacetal resin composition according to claim 10, wherein the antioxidant comprises at least one member 
selected from the group consisting of a hindered phenol-series compound and a hindered amine-series compound. 

12. A polyacetal resin composition according to claim 10, wherein the processing stabilizer comprises at least one 
member selected from the group consisting of a long-chain fatty acid or a derivative thereof, a polyoxyalkyiene 

40 glycol, and a silicone-series compound. 

13. A polyacetal resin composition according to claim 10, wherein the heat stabilizer comprises at least one member 
selected from the group consisting of a phosphine-series compound, an organic carboxyiic acid or a metal salt 
thereof, an alkaline or alkaline earth metal compound, a hydrotalcite, and a zeolite. 
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14. A polyacetal resin composition according to ciaim 10, wherein the weather-resistant stabilizer comprises at least 
one member selected from the group consisting of a benzotriazoie-series compound, a benzophenone-series 
compound, an aromatic benzoate-series compound, a cyanoacry late-series compound, an oxalic an Hide-series 
compound, a hydroxyphenyl-1,3,5-triazine-series compound, and a hindered amine-series compound. 

15. A poiyacetai resin composition according to claim 1 , wherein the polyacetal copolymer is a copolymer which has 
contained at least one member selected from the group consisting of a basic nitrogen-containing compound, a 
hindered phenol-series compound, a hindered amine-series compound, a processing stabilizer, and a heat stabi- 
lizer, 

16. A polyacetal resin composition according to claim 10, which comprises 

the polyacetal copolymer having the terminal hemiformal group of not more than 0.8 mmol/kg, the terminal 
formyl group of not more than 1 .5 mmol/kg, the unstable terminal group of not more than 0.4% by weight and the 
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melt index of 0.5 to 80 g/10 min., 

a formaldehyde emission inhibitor, 

a hindered phenol-series compound and/or a hindered amine-series compound, 

a processing stabilizer, and 
s a heat stabilizer, 

wherein, relative to 100 parts by weight of the polyacetal copolymer, the proportion of the formaldehyde 
emission inhibitor is 0.01 to 10 parts by weight, the proportion of the hindered phenol-series compound and/or the 
hindered amine-series compound is 0.005 to 3 parts by weight, the proportion of the processing stabilizer is 0.01 
to 5 parts by weight and the proportion of the heat stabilizer is 0.001 to 5 parts by weight. 

10 

17. A poiyaceta! resin composition according to claim 10, which comprises' 

the polyacetal copolymer having the terminal hemiformal group of not more than 0.6 mrnol/kg, the terminal 
formyl group of not more than 1 .0 mmol/kg, the unstable terminal group of not more than 0.3% by weight and the 
mett index of 1 .0 to 60 g/10 min.. 
15 a formaldehyde emission inhibitor, 

a hindered phenol-series compound and/or a hindered amine-series compound, 

a processing stabilizer,, and 

a heat stabilizer, and 

wherein, relative to 100 parts by weight of the polyacetal copolymer, the proportion of the formaldehyde 
20 emission inhibitor is 0.02 to 5 parts by weight, the proportion of the hindered phenol-series compound and/or the 

hindered amine-series compound is 0.01 to 2 parts by weight, the proportion of the processing stabilizer is 0,03 
to 3 parts by weight and the proportion of the heat stabilizer is 0.01 to 2 parts by weight. 

18. A polyacetal resin composition according to claim 10, which comprises 

& the polyacetal copolymer having the terminal hemlformai group of not more than 0.5 mmoi/kg, the terminal 

formyl group of not more than 0.8 mmol/kg, the unstable terminal group of not more than 0.25% by weight and the 
melt index of 1 ,0 to 50 g/10 min., 

a formaldehyde emission inhibitor, 

a hindered phenol-series compound and/or a hindered amine-series compound, 
30 a processing stabilizer, and 

a heat stabilizer, 

wherein, relative to 100 parts by weight of the polyacetal copolymer, the proportion of the formaldehyde 
emission Inhibitor is 0.02 to 2 parts by weight, the proportion of the hindered phenol-series compound and/or the 
hindered amine-series compound is 0.01 to 2 parts by weight, the proportion of the processing stabilizer is 0,03 
35 to 3' parts by weight and the proportion of the heat stabilizer is 0.01 to 2 parts by weight, 

19. A polyacetal resin composition according to claim 1 , which further comprises at ieast one member selected from 
the group consisting of an impact resistance improver or a gloss reducing agent, an agent for Improving sliding 
property, a coloring agent, and a filler. 

40 

20. A polyacetal resin composition according to claim 19, wherein the impact resistance improver or the gioss reducing 
agent comprises at least one member selected from the group consisting of a thermoplastic polyester, a thermo- 
plastic polyurethane, and an acrylic core-shell polymer. 

45 21. A polyacetal resin composition according to claim 19, wherein the agent for improving sliding property comprises 
at least one member selected from the group consisting of an olefinic polymer, a silicone-series resin, and a fluorine- 
containing resin. 

22. A polyacetal resin composition according to claim 1 , wherein a pellet of the polyacetal copolymer coexists with the 
so formaldehyde emission inhibitor or a master batch containing the formaldehyde emission inhibitor. 

23. A process for producing a polyacetal resin composition, which comprises mixing a polyacetal copolymer recited 
in claim 1 with a formaldehyde emission inhibitor. 

55 24. A process according to claim 23, wherein the polyacetal copolymer recited in claim 1 and the formaldehyde emis- 
sion inhibitor are melt-mixed by using an extruder having an exhaust port, and in the melt-mixing process, at least 
one processing auxiliary selected from the group consisting of water and an alcohol is added to the mixture and 
a volatile component is exhausted through the exhaust port. 
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25. A process according to claim 23, wherein the potyacetai copolymer recited in claim 1 and the formaldehyde emis- 
sion inhibitor are melt-mixed by using an extruder having an exhaust port, and in the melt-mixing step, part or all 
of the formaldehyde emission inhibitor is fed to the middle part of the extruder. 

26. A process according to claim 23, which comprises melt-mixing the polyacetal copolymer recited in claim 1 and at 
least one formaldehyde emission inhibitor selected from the group consisting of a urea compound and a hydrazide- 
series compound by using an extruder, and the melt-mixing time is not more than 300 seconds. 

27. A shaped article of a polyacetal resin formed from a polyacetal resin composition recited in claim 1 . 



28. A shaped article of a polyacetal resin according to claim 27, wherein (1 ) the emission of formaldehyde from the 
shaped article which is maintained in a closed space for 24 hours at a temperature of B0°C is not more than 0.1 
ng per one cm 2 of the surface area of the article, and/or (2) the emission of formaldehyde from the shapad article 
which is maintained in a closed space for 3 hours at a temperature of 60°C under a saturated humidity is not more 

15 than 0.2 ug per one cm 2 of the surface area of the article. 

29. A shaped article of a polyacetal resin according to claim 27, wherein (1 ) the emission of formaldehyde from the 
shaped article which is maintained in a closed space for 24 hours at a temperature of 80°C is 0,005 to 0.09 jig per 
one cm 2 of the surface area of the article, and/or (2) the emission of formaldehyde from the shaped article which 
is maintained in a closed space for 3 hours at a temperature of 60°C under a saturated humidity is 0.005 to 0.1 
ug per one cm 2 of the surface area of the article. 



30. A shaped article of a polyacetal resin according to claim 27, which is at least one article selected from the group 
consisting of an automotive part, an electric or electronic device part, an architectural or pipeline part, a household 
25 utensil or cosmetic article part, and a medical device part. 
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